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garding the biliary tract as a 
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Diseases of the Liver, 
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For recurrent rheumatic fever prophylaxis... 


PENALEV. 


Recurrences of rheumatic fever may be 
avoided by year-round use of PENALEV. Accu- 
mulated evidence “indicates that oral — 
is a safe and effective prophylactic agent...no 

penicillin-resistant strains of group A hemolytic 
streptococci have been reported,”! following 


oral doses of penicillin. The onset of rheumatic 
fever may be prevented by treating streptococcal 


SOLUBLE TABLETS POTASSIUM PENICILLIN G 


infections with large doses-of oral penicillin.” 
Readily soluble in ordinary beverages, 
PENALEV is easy to take over long periods. 


Quick information: Supplied in soluble tablets 
of 50,000, 100,000, 200,000, 250,000, 500,000 
and 1,000,000 units of potassium penicillin G. 


References: 1. Postgrad. Med. 14:429, 1953. 
2. J.A.M.A. 151:141, 1953. 
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(TETRACYCLINE Bristol) 


lt, 


—the ONLY 


oral suspension 


of tetracycline that is 


Requires no re- 
constitution, no 


addition of diluent, 

no refrigeration — 
stable at room temper- 
ature for 18 months. Has 
appealing “crushed - fruit” 
flavor. Supplied in bottles of 


30 cc., in concentration of 


250 mg. per 5 cc. 
POLYCYCLINE 


SUSPENSION 


Dosage: average adu 


1 gram daily, divided doses; 


children in proportion 


to body 


hay 
— 
>. 
> 


| 
; 
‘ 
ready-to-use. 
° 
—the only tetracycline pr i 
isolated eee 
a 
Roy 
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PXProtew vulgaris 29,000 x | 


Proteus vulgaris is a Gram-negative organism commonly involved in 
urinary tract infections « septicemia 


peritonitis following low perforation of the gut. 


It is another of the more than 30 organisms susceptible to 


PANMYCIN 


100 mg. and 250 mg. capsules 


@TRADEMARK, REG. U. S. PAT. OFF. 
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brand of cryptenamine 


IS THE MOST DEPENDABLE HYPOTENSIVE 


ip 


Whatever the collateral therapy in moderate to Severe hypertension, the 
therapeutic objective is far more than tranquility or euphoria. The prime 
objective is to lower blood pressure. 


Unitensen is a potent, true blood pressure lowering agent . . . the 
safest and most significant yet developed. Unitensen contains cryptena- 
mine, a newly isolated alkaloid fraction of Veratrum viride. In the majority 
of patients, Unitensen produces positive and sustained blood pressure 
control. 


edecisively controls enoganglionic blocking 
blood pressure for pro- 


longed periods @renal function is not simplified dosage— 
impaired usually 1 tablet b.i.d. 
UNITENSEN co or t.i.d. 
ection saves money for your 
@no postural hypoten- eduvo-assayed forhypo- 
sion and collapse tensive actionand emesis 


Each white, uncoated, scored tablet supplies: 


Cryptenamine*...2 mg.t “ester alkaloids of Veratrum viride obtained by an exclusive 
(as the tannate salt) 


Bottles of 50, 100, 500 and 1000. 


IRWIN, NEISLER & COMPANY ¢ DECATUR, ILLINOIS 
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Especially for stubborn night cough 


SEDULON 


OF CINVPRYLONE 
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THE FIRST 


antifungal antibiotic 


MYCOSTATIN 


SQUIBB NYSTATIN 


Highly effective for prevention and treatment of 


The intestinal flora of patients treated with oral antibiotics, 
particularly the broad spectrum preparations, undergoes pro- 
found changes. In many cases there is a strong overgrowth of 
Candida (monilia), and the extent of overgrowth seems to be 
proportional to the amount of the antibiotic taken. This phe- 
nomenon does not necessarily lead to clinical moniliasis, but 
a considerable number of patients with an overgrowth of 
Candida have intestinal symptoms, including diarrhea, ulcer- 
ation, anal fissure, and persistent pruritus. 

When such effects are due to Candida, they can be prevented 
by Mycostatin. Established monilial infection of the gastroin- 
testinal tract can be cleared up by Mycostatin in 24 to 48 hours. 


Dose: 500,000 units t.i.d.; 
to be doubled if intestinal 

jungi are not suppressed. 

nearly all patients, 

is compatible with the com- 

monly used antibiotics. 


500,000 unit tablets 
Bottles of 12 and 100 


*Mycostatin’ is a Savibb trademark 


BROAD SPECTRUM 
ANTIBIOTIC OF CHOICE 


STECLIN 


HYDROCHLORIDE 


Squibb Tetracycline Hydrochloride 


Steclin is the newest broad spec- 
trum antibiotic. 


e Fewer side effects, better tolerated 


50 and 100 mg. 
Bottles of 25 and 100 


Bottles of 6 and 100 


SQUIBB 


The range of clinical usefulness of 
Steclin is similar to that of oxytetra- 
cycline and chlortetracycline. It is 
often superior to its analogs be- 
cause therapeutic blood levels are 
achieved with fewer gastrointestinal 
side effects. 

As with all broad spectrum anti- 


biotics, overgrowth with nonsus- 
ceptible organisms, particularly 


monilia, may occur. 


'Steclin’ is a Squibb trademark 


NTIBIOTIOS 
than oxytetracycline or chlortetra- 
¢ Efficient distribution to tissues and 
body fluids. 
¢ Fully effective blood levels. 


ARTHRITIC > 


PABRALATE 
PARALATE-sSsSODIUM FREE: 


times by the patient’s loss of interest in eating. Yet the 
need for high protein food is essential in the dietary of 


KNOX UNFLAVORED GELATINE is all protein... has 
no sugar...is in a neutral pH range...low sodium... 
non-allergenic. 

An excellent vehicle for many foods, KNOX GELATINE 
enhances the diet, giving an interest many times to the 
patient where none existed. As a concentrated protein 
Gelatine Drink, KNOX GELATINE supplies the added pro- 
tein supplement often so necessary in postoperative diets. 


valescence, Including Bone and Wound Healing. Josiah Macy, 
Jr., Foundation, 6th Meeting, Page 57, 1943. 


Fer your patient's protection, be sure yeu 
specify KNOX, so thet the patient dees 
net mistakenly get flevered gelatin dessert 
powders, which ere 6S per cont suger. 


Available at grocery stores in 4- 
envelope family size and 32- 
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) 
Post IV 
Postoperative 
‘ 
Diets 
Postoperative diets are complicated many 
postoperative patients. 

Nitrogen balance can be maintained, wound heal- 
ing enhanced, and convalescence shortened by a high 
protein diet.! 
envelope economy size packages. - 

GELATING U. S. P. 
PROTEIN 
SUGAR 


ELECTRON PHOTOMICROGRAPH 


Salmonella parcaly phe B 32,000 x 


Salmonella paratyphi B (Salmonella schottmuelleri) is a 


Gram-negative organism which causes 


food poisoning chronic¢ enteritis septicemia. 


It is another of the more than 30 organisms susceptible to 


100 mg. and 250 mg. capsules 


STRAMDEMARK, REG. U. S. PAT. OFF. 
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“Thiosulfil” is appreciably more soluble than the three other leading sul- 
fonamides prescribed in infections of the urinary tract. Its greater solubility, 
combined with high bacteriostatic activity and low acetylation, makes 


the safest and most effective sulfonamide yet presented for 
URINARY TRACT INFECTIONS 


2 


Px 


¢ Rapid transport to site of ¢ Minimum toxicity 
infection for early and * Minimum risk of sensitization 
effective urinary concentration * No alkalinization required 
¢ Rapid renal clearance * No forcing of fluids needed 
Brand of sulfamethylthiadiazole 
SUSPENSION TABLETS 
No. 914 — 0.25 Gm. per 5 cc. No. 785 — 0.25 Gm. per tablet 
Bottles of 4 and 16 fluid ounces Bottles of 100 and 1,000 


NEW YORK, N. Yo MONTREAL, GANADA 
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THE TECHNIQUE OF MANAGEMENT 
OF HYPERTENSION WITH ANSOLYSEN 


Indications: Moderately severe, severe, or ma- 
lignant hypertension. Enables effective control 
in 90% of patients.! 


Aim of Therapy: To reduce gradually the stand- 
ing systolic blood pressure to approximately 
120 mm. Hg.? 


The Drug Used: ANSOLYSEN, a new, orally effec- 
tive ganglionic blocking agent, which produces 
certain fall in blood pressure. Drug resistance 
and by-effects are minimal. 


THE TECHNIQUE 


The patient’s posture influences response. Max- 
imum response is produced when standing, less 
when sitting. least when recumbent. The phy- 
sician must determine the dose of ANSOLYSEN 
required to reduce the patient's standing sys- 
tolic pressure to normotensive levels for that 
patient at the point of maximum drug effect. 


ANSQLYSER 


Dosage: The starting dose is 20 mg., taken 
orally every 8 hours. The morning dose may be 
taken before or after breakfast, but the patient 
should consistently follow the course elected. 
Each dose is increased by 20 mg. every second 
day until the patient experiences a little faint- 
ness or giddiness in the standing position (pos- 
tural hypotension) at the time of maximum drug 
action.’ The ideal dose is nearly always 20 mg. 
less than the dose that just succeeds in causing 
faintness in the standing posture. 


Maintenance of Effective Dose: Where several 
daily recordings of pressure can be made by the 
patient or a member of his family, the physician 
can easily adjust ANSOLYSEN dosage as neces- 
sary.24 Home pressures should be taken with 
the patient in the standing position and at the 
time of maximum drug effect. For more com- 
plete information on this method, see package 
circular or other ANSOLYSEN literature. 


Where taking of home blood pressures is 


not practical, control of dosage by symptoms? 
of hypotension is more useful than the taking 


of occasional blood pressures. If it is uncertain 
whether an effective dose is being maintained, 
it should be increased by 20 mg. increments 
cautiously until mild faintness occurs in the 
standing posture. Thus, control of dosage is in 
terms of hypotensive symptoms such as faint- 
ness or lightheadedness and not in terms of 
by-effects such as dry mouth or blurred vision. 


Adjunctive Therapy: The concomitant use of 
reserpine with ANSOLYSEN produces smoother 
blood pressure response, decreases the dose of 
ANSOLYSEN required,? and minimizes by-effects 
from parasympathetic blockade.® 


Precautions: ANSOLYSEN affects sympathetic and 
parasympathetic nerve transmission. Improper 
technique may result in marked postural hypo- 
tension, constipation, dryness of the mouth, 
blurred vision, urinary retention (especially in 
males with enlarged prostates), and, rarely, 
obstipation or paralytic ileus. 

It is mandatory to maintain normal bowel 
function. Pilocarpine nitrate, 2.5 to 5 mg., 
taken with each dose of ANSOLYSEN, usually 
controls constipation, blurred vision, and dry- 
ness of mouth.? If pilocarpine fails to control 
constipation, 15 to 30 mg. of Prostigmin®? 
may be taken upon arising; if necessary, a lax- 
ative such as Petrogalar® with Phenolphtha- 
lein may be taken at bedtime. In the presence 
of constipation, the dose of ANSOLYSEN should 
be reduced until normal bowel function re- 
turns; then the dose should be gradually re- 
stored to the optimal level. 


SUPPLIED: ANsOLysEN Tablets—40 mg. and 
100 mg. tablets, scored for division of dose, 
bottles of 100. Also Available: ANSOLYSEN 
Injection—10 mg. per cc., vials of 10 ce. 


1. Freis, E. D.: Personal communication 


2. Sturgis, C. C.: Television Symposium; “The Manage- 
ment of Hypertension,” American College of Phy- 
sicians, Sept. 23, 1954 

3. Smirk, F. H.: Lancet 1:457 (March 7) 1953 

4. Freis, E. D.: M. Ann. District of Columbia 23:363 
(July) 1954 

5. Smirk, F. H., and others: Lancet 2:159 (July 24) 1954 


Philadelphia 2, Pa. 


ANSOLYSEN* 


Pentolinium Tartrate 
*Trademark 
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Each scored tablet contains: 


Estrogenic Substances* .. 1 mg. 


7 (10,000 I.U.) 
Progesterone ............ 30 mg. 


*Naturally-occurring equine estrogens 
(consisting primarily of estrone, with 
small amounts of equilin and equilenin, 
and possible traces of estradiol) physi- 
ologically equivalent to 1 mg. of 
estrone. 


Available in bottles of 15 tablets. 


The Upjohn Company, Kalamazoo, Michigan 


oral 
estrogen-progesterone 


effective in 
menstrual disturbances: 


TRADEMARK, U.S. PAT. OFF. 


Cycloges 
tablets 


FIRST COMPLETE FORMULA 


EXPRESSLY 


FOR THE COUGHING PATIENT 


relieves cough “tickle,” quiets “hack”’ 


curbs congestive symptoms 


patients feel better, sleep better 


relieves aches and pains 


valuable in allergic or bronchial coughs 


new 


~ 
CORICIDINI 
syrup 
tastes good—an ideal vehicle 
Each teaspoonful (5 cc.) of Coricivin Syrup* contains: 
Dihydrocodeinone bitartrate . . .... . 1.67 mg. 
Cuior-Trimeton Maleate ........ 2.0 mg. 
Glyceryl guaiacolate .......... 30.0 mg. 


combined in a delicious, compatible syrup acceptable to all ages. 


Dosage: Adults: One teaspoonful initially followed 
by another teaspoonful in one hour. Thereafter 
one teaspoonful three to four times daily. 


Children: One-half adult dosage for those 
6-12 years old. Children under 6 years 
according to age or body weight. 


*Exempt narcotic. 
Coaicwis brand of analgesic-antipyretic compound. 
Curoa-Taimeton® Maleate, brand 
of chi henpyridamine maleate. 
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estrogenic substances 


= 
For Cvery patient who Presents such Obvious menopausa| Symptoms as 
hot flushes, there will be another With symptoms equally distressing but not so 
clearly defined; @arthraigia as well as insomnia, headache, easy fatigability, 
are good examples, F Frequently these ‘ymptoms are due to declining varian function 
but are not so recognized because they may occur long before, or even years after, 
menstruation ceases. In such Cases, the patient Should have the benefit of estrogen 
ee 
therapy, Premarin” (complete natural equine “strogen-complex) not only 
Produces Prompt ‘ymptomatic relief but also imparts a Sratifying and distinctive 
Sense of '-being.” 1;,. no odor , ‘mparts no odor. “Premarin”g 
( water-soluble), also known as Conjugated estrogens (equine) 
“PPHed in tablet and liquid form, & 
Ne York, N. ayer 33 
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your patients get high blood levels in 2 hours or less 


(ERYTHROMYCIN STEARATE, ABBOTT) 


disintegrates faster than enteric-coated erythromycin 


filmtab. 


filmtab 


Erythrocin ... for faster absorption 


New tissue-thin Filmtab coating (marketed only by Abbott) starts to 
disintegrate within 30 seconds— makes ERYTHROCIN Stearate available 
for immediate absorption. Tests show Stearate form definitely protects 
drug from stomach acids. 


Erythrocin ... for earlier blood levels 


because there’s no delay from an enteric coating, patients get high, 
inhibitory blood levels of EryTHROCIN in less than 2 hours—instead of 
4-6 as before. Peak concentration is reached at 4 hours, with 
significant levels for 8 hours. 


Erythrocin ... for your patients 


Filmtab EryTHROCIN Stearate is highly effective against coccic infections 
. .. and especially useful when the infecting coccus is resistant to 
other antibiotics. Low in toxicity—it’s less likely to alter normal 
intestinal flora than most other oral antibiotics. Conven- 

iently sized (100 and 200 mg.) in bottles of 25 and 100. Obbott 


*TM for Abbott's film sealed tablets, pat. applied for. 


filmtab 
STEARATE 
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® Rauwiloid is not the crude rauwolfia root. 
Rauwiloid presents the total hypotensive activity of 
the pure whole Rauwolfia serpentina (Benth.) root 
—but it is freed from the inert dross of the whole root 
and its undesirable substances such as yohimbine- 
type alkaloids. 


® Rauwiloid is not merely a single contained alka- 
loid of rauwolfia. Rauwiloid provides the balanced 
action of the several potent alkaloids in rauwolfia; 
reserpine—regardless of the brand name under 
which it is marketed—is only one of the desirable 
alkaloids in Rauwiloid. 

© Rauwiloid contains, besides reserpine, other 
active alkaloids, such as rescinnamine,':* reported 
to be more potent than reserpine. 


© Rauwiloid is the original alseroxylon fraction 
of unadulterated Rauwolfia serpentina (Benth.)— 
rauwolfia in its optimal form—virtually no side 
actions—no known contraindications. It rarely needs 
dosage adjustment. The dose for most patients is 2 
tablets (2 mg. each) at bedtime. 


If you have prescribed rauwolfia in other forms, it will 
not take many patients to convince you that Rau- 
wiloid serves better. Please write for clinical samples. 


1. Klohs, M. W.; Draper, M. D., and Keller, F.: J. Am. Chem. Soc. 76:2843 
(May 20) 1954. 


2. Cronheim, G.; Brown, W.; Cawthorne, J.; Toekes, M. I., and Ungari, J.: Proc. 
Soc. Exper. Biol. & Med. 86:110 (May) 1954. 
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LABORATORIES, INC. LOS ANGELES 48, CALIF. 
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FOR SORE THROAT 


WYBIOTIC | 


BACITRACIN - NEOMYCIN - POLYMYVXIN 


TROCHES 


THREE 


ANTIBIOTICS! 


Pleasant taste, potent 
action ... WYBIOTIC 
Troches have triple 
antibiotic effect. Contain 
zinc bacitracin, neomycin 
and polymyxin for wide- 
range topical attack on 
nonfebrile oral infections— 
gram-negative, gram- 
positive. No danger - 
of sensitizing the patient to > 
antibiotics that may be 

needed systemically in later 

serious illness, nor of developing 

in him resistance to these 

antibiotics. 

Each WyBioric Troche contains: 

Zinc Bacitracin, 300 units; 

Neomycin Base (as Sulfate), 5 mg.; 

Polymyxin B Sulfate, 2000 units. 


Suspended in pleasantly 
flavored candy base. 


Supplied: Cans of 48 Troches. 
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| epileptic... 
greater 


independence 


os ie methods and effective anticonvulsants ‘now help the : 


| 
enter" ‘greater Treedou from seizures. And wit 


a more understanding society, greater independence is assured. 


DILANTIN’® SODIUM (aiphenyinyaantoin sodium, Parke-Davis) 


an established anticonvulsant of choice, alone or in 
combination, for control of grand mal and psychomotor seizures -- 


without the handicap of somnolence. 
DILANTIN Sodium is supplied in a variety of forms -- including Kapseals® 
of 0.05 Gm. (% gr.) and 0.1 Gm. (1% gr.) in bottles of 100 and 1,000. 
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Liplococeus preaumontae 35,000 x 


Diplococcus pneumoniae (Streptococcus pneumoniac) is a Gram-positive 
organism commonly involved in 
lobar—and bronchopneumonia chronic bronchitis * mastoiditis sinusitis 


outis media + and meningitis. 


It is another of the more than 30 organisms susceptible to 


PANMYCIN 


100 mg. and 250 mg. capsules 


‘Upjohn 
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(RESERPINE AND HYDRALAZINE HYDROCHLORIDE CIBA) 
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ELECTRON PHOTOMICROGRAPH 


Klebsiella poreumontae 39,000 x 


Klebsiclla pneumoniae (Friedlander’s bacillus) is a Gram-negative, 
capsulated organism commonly involved in 
various pathologic conditions of the nose and accessory sinuses, 


in addition to bronchopneumonia and bronchiectasis. 


It is another of the more than 30 organisms susceptible to 


PANMYCIN 


100 mg. and 250 mg. capsules 


@TRADEMARK, REG. U. S. PAT. OFF. 
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Foreword 


matic fever during the past twenty-five 

years has resulted in significant progress 
toward solution of the manifold problems con- 
cerned with the disease. New developments have 
emerged from a variety of medical disciplines, 
ranging from investigative work on etiology to 
the introduction of methods for control and 
treatment of the acute disease and of surgical 
technics for correction of permanent valvular 
deformities. Although progress has perhaps not 
been so dramatic as in the case of certain other 
diseases, and it is clear that the present control 
measures do not represent final answers, the 
advances have nevertheless greatly improved 
the outlook for the rheumatic patient. This 
symposium represents an effort to summa- 
rize the current status of these developments 
in rheumatic fever and rheumatic heart 
disease. 

A large gap remains in our knowledge of the 
mechanisms involved in the pathogenesis of 
rheumatic fever. However, even in this unsolved 
problem of the fundamental nature of the dis- 
ease, it must be conceded that a major con- 
tribution has been made in establishing the fact 
that infections with hemolytic streptococci 
initiate the rheumatic state. The view that 
streptococcal infection is an integral part of the 
disease gradually gained wider acceptance dur- 
ing the years just preceding the introduction of 
the sulfonamide drugs and was responsible for 
the initial attempts to prevent recurrences of 
rheumatic fever by continuous prophylaxis with 
sulfanilamide. In turn, the success of these and 
subsequent prophylactic experiments served 
to provide further support for the role of the 
streptococcus. The concept is now thoroughly 
substantiated and it will be noted that much of 
what is said in this symposium concerning such 
aspects of the disease as prevention and diag- 
nostic tests is directly related to the streptococcal 
origin of the disease. | 


T= increasing vigor of the attack on rheu- 


The major recent development in the treat- 
ment of acute rheumatic fever is the introduction 
of the use of adrenocorticotrophic hormone and 
cortisone. It would appear at present that these 
substances have fallen somewhat short of their 
promise of revolutionizing therapy of the disease. 
However, the final evaluation of hormonal 
therapy cannot yet be made; and because of the 
well recognized extreme variability in the course 
and outcome of rheumatic fever, a long and 
painstaking analysis of these new agents will 
be required to determine whether they affect 
the occurrence of permanent cardiac malforma- 
tions. 

The current era of cardiac and vascular 
surgery has offered the first opportunity to deal 
effectively with the chronic invalidism resulting 
from mechanical deformation of cardiac valves 
in rheumatic patients. In addition, because the 
surgical technics now available are limited to the 
correction of certain specific anomalies, princi- 
pally mitral stenosis, the accurate anatomic 
diagnosis of rheumatic heart disease has been 
converted from a largely academic problem to 
an intensely practical one, and a considerable 
impetus has been given to the development of 
new diagnostic procedures. The problems of 
diagnosis and selection of patients for surgery 
are discussed from several points of view in the 
symposium, followed by an evaluation of the 
surgical approach and consideration of a unique 
and puzzling complication of surgery in rheu- © 
matic subjects. 

Among the contributions to our knowledge of 
the disease that are regrettably not represented 
in the symposium are the long-term studies on 
the natural history of rheumatic fever. These 
studies, notably the admirable twenty-year re- 
port of Bland and Jones,' involve the continued 
observation by competent clinicians of large 
numbers of rheumatic patients over a long period 
—" E. F. and Jones, T. D. Circulation, 4: 836 
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of time, and they have increased the precision 
of our concepts concerning the course of events 
and prognosis in rheumatic fever. Obviously, 
there must be other omissions, since all facets of 
a disease as complex as rheumatic fever cannot 
be given adequate consideration in a short series 
of papers. However, it is hoped that collec- 
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tively the papers will provide a clear picture of 
most aspects of major importance. 


Macityn McCarry, M.D. 
The Hospital of the Rockefeller 
Institute for Medical Research, 

New York, 
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LTHOUGH the etiology of rheumatic fever 
is still considered to be obscure, there 
has been a steady accumulation of data 
linking the disease to infection with group A 
streptococci. Numerous surveys have demon- 
strated the occurrence of epidemics of rheumatic 
fever following outbreaks of scarlet fever and 
other streptococcal infections. '~* Serologic studies 
have shown that elevated titers of streptococcal 
antibodies occur in the serum of patients with 
rheumatic fever indicating recent contact with 
the streptococcus.*-'* Further evidence relating 
the two diseases was obtained when it was shown 
that the incidence of rheumatic fever was greatly 
diminished by the prevention or treatment 
of streptococcal infections with antibacterial 
agents. 

Despite the above evidence indicating that the 
group A streptococcus is responsible for rheu- 
matic fever, a disturbing fact is that these 
organisms have been isolated from only 50 to 
60 per cent of patients during the acute phases 
of rheumatic fever.'*:*° It has been assumed that 
if rheumatic fever is directly related to a strepto- 
coccal infection, nearly all of the patients should 
harbor streptococci during the acute disease. 
The success in isolating the streptococcus, how- 
ever, is a function of the bacteriologic technics 
employed and the frequency with which cultures 
are obtained. 

The ease with which group A streptococci 


* From the S 


may be isolated from the oropharynges of rheu- 
matic patients is no different than the ease with 
which these organisms may be recovered from 
patients convalescing from acute streptococcal 
tonsillitis. In Figure 1 are presented results of 
routine cultures of the oropharynges of 355 


8 
7 


WEEKS AFTER ONSET OF STREPTOCOCCAL 
ILLNESS 


Fic. 1. 
untreated streptococcal infection 

patients with uncomplicated acute streptococcal 
infections and ninety-seven patients whose acute 
illness was followed by rheumatic attacks. None 
of these patients received specific antibacterial 
therapy during the period of observation. At any 
one period following the streptococcal infection, 
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the infecting type of streptococcus was isolated 
from an equal percentage of patients who devel- 
oped rheumatic fever and of those who devel- 
oped no complication. The number of patients 
shown to harbor streptococci at the weekly 
surveys decreased gradually so that by the sixth 


TABLE 1 
DISTRIBUTION OF PATIENTS ACCORDING TO TYPE 
OF THERAPY * 


No. of | 


Treatment Group Patients | Therapy 
First half of study: | | 
Control.......... 288 No specific therapy 
Penicillin-—9 day..| 301 $900,000 units of depot 
| penicillin admin- 
| istered on the ninth, 
| eleventh and thir- 
_ teenth days after the 
| onset of illness 
Second half of study: | 
Sulfadiazine... ... 291 Two gm. admin- 
istered at time of 
admission to study 
| followed by 1.0 gm. 
every six hours for 
five days 
Penicillin—9 day.. 297 | 900,000 units of depot 


penicillin admin- 

_ istered on the ninth, 

eleventh and thir- 
| | teenth days after the 
| | onset of illness 


* Selection of patients for the various forms of therapy 
was determined by the Air Force serial number. 


week only half the routine cultures from both 
groups of patients showed the infecting type of 
group A streptococcus. Studies to be reported 
elsewhere*' have demonstrated that group A 
streptococci can be isolated from all patients six 
weeks after a streptococcal illness if special 
bacteriologic procedures are employed. It ap- 
pears likely, therefore, that most rheumatic 
subjects harbor the organism at the onset of the 
acute attack, but because of technical difficulties 
the streptococci have not been isolated and 
identified. 

With the advent of penicillin therapy of 
streptococcal infections further investigation into 
the factors responsible for rheumatic fever be- 
came possible. Such treatment markedly reduces 
the attack rate of rheumatic fever, decreases the 
antibody response and eradicates the strepto- 
coccus from most patients.'’ Since rheumatic 
patients frequently exhibit an exaggerated 
response to streptococcal antigens as compared 


with patients who do not develop this complica- 
tion,’:’:!°!2 one obvious conclusion is that the 
inhibition of antibody production is in some 
manner responsible for the prevention of rheu- 
matic fever. On the other hand, despite a low 
antibody response following an infection treated 
with various antibiotics, rheumatic fever still 
developed in a few patients. An analysis of these 
patients revealed that most of them continued to 
harbor the infecting type of streptococcus.”* 
Thus it appeared that the persistence of the 
streptococcus after infection might be significant 
in the pathogenesis of rheumatic fever. 

The present study was designed to determine 
the relative importance of the group A strepto- 
coccus and of excessive antibody production in 
the pathogenesis of rheumatic fever. For this 
purpose, patients with streptococcal infections 
were treated by one of three methods. In one 
group of patients, the streptococcus was eradi- 
cated by treatment with penicillin, but therapy 
was delayed until late in the course of the illness 
at a time when near maximal antigenic stimula- 
tion had already occurred. In a second group of 
patients, the production of antibody was 
inhibited without eradication of the strepto- 
coccus. This was accomplished by the admin- 
istration of sulfadiazine during the acute illness. 
A third group of patients who received placebo 
injections served as controls and thus remained 
carriers and sustained maximum antibody 
production. 


METHODS AND DESCRIPTION OF STUDY 


The methods of selection of patients and of the 
routine clinical and laboratory studies were 
similar to those previously reported.'’ The 
patients consisted of young adult airmen ad- 
mitted to the hospital with exudative tonsillitis 
or pharyngitis. Historical information, physical 
examination and laboratory studies were accom- 
plished in a standard manner at the time of 
admission to the hospital and nine, thirteen, 
twenty-one and thirty-five days after the onset 
of symptoms. The criteria for the diagnosis of 
rheumatic fever were those of Jones®* with 
slight modifications. '’ 

Chronologically, the study was divided into 
two parts. (Table 1.) The first portion, conducted 
from January, 1953 to April, 1953, consisted 
of 301 men who received penicillin and 288 men 
who were given placebos and served as controls. 
Procaine penicillin in oil containing 2 per cent 
aluminum monostearate was administered intra- 
muscularly in doses of 900,000 units on the 
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ninth, eleventh and thirteenth days after the 
onset of illness. ‘The second portion of the study, 
conducted from April, 1953 to January, 1954, 
consisted of 297 patients who received penicillin 
as described previously and 291 patients who 
were given sulfadiazine. I'wo gm. of sulfadiazine 


patients who had streptococcal pharyngitis, the 
analysis was limited to those patients who had 
group A streptococci isolated from the initial 
culture of the throat. Of the 103 patients from 
whom group A streptococci were not isolated, 
70 per cent were observed for twenty-one days. 


TABLE I 
COMPARABILITY OF TREATMENT GROUPS* 


| 


First Half Second Half 
ay day 
Per cent 
Family history of rheumatic fever... 6.8 | 0.9 0.5 
Laboratory results on admission: | 
Leukocyte count of 12,000/cu. mm. or more.................. 72.0 70.0 67.7 68 .0 
Group A streptococci: 
Antistreptolysin titer 125 units or less... | Tas 74.5 73.8 
Onset of illness to admission to study: | 
Greater than 59 13.2 8.6 
Present for convalescent examination: | 
88.6 | 90.4 | 87.0 | 95.0 


* Includes all patients maintained on the study from whom group A streptococci were isolated. 


were administered at the time of admission to 
the hospital, following which each patient re- 
ceived 1 gm. every six hours for five days (21 gm. 
total). 

Patients were excluded from the investigation 
if they exhibited evidence of a suppurative com- 
plication at the time of admission to the hospital, 
gave a personal history of rheumatic fever or had 
had a previous reaction to penicillin. During the 
second part of the study patients were also ex- 
cluded if they had experienced a reaction to 
sulfadiazine or, in most instances, if there was a 
history of rheumatic fever in other members of 
the family. 


COMPARABILITY OF STUDY GROUPS 
During the period of this investigation there 
was a high incidence of non-streptococcal 
exudative pharyngitis. In order to include only 
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In one patient in this group rheumatic fever 
developed twenty-seven days from the onset of 
the acute illness for which he had received no 
specific therapy. 

Suppurative complications characteristically 
occur during the early phases of the strepto- 
coccal infection. In the first portion of the study 
the incidence of suppurative complications was 
high since neither group of patients received 
specific therapy until the ninth day of illness 
when penicillin was administered to half of the 
patients. During the second portion of the study 
the patients who did not receive penicillin until 
the ninth day also developed suppurative com- 
plications. The patients who received sulfa- 
diazine experienced a lower incidence of such 
complications.*4 In all instances penicillin was 
administered to those patients in whom suppura- 
tive complications developed and they were then 
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excluded from the analysis. Many of these pa- 
tients were followed during convalescence and 
none was observed to develop rheumatic fever. 
Thus the final analysis was based on the follow- 
ing groups: in the first half of the study 220 pa- 
tients were in the control group and 219 received 


TABLE II 
PERSISTENCE OF THE INFECTING TYPE OF STREPTOCOCCUS 
IN THOSE PATIENTS INITIALLY POSITIVE FOR TYPABLE 
GROUP A STREPTOCOCCI 


Per cent Isolations of Infecting Type 
No. of Streptococcus * 
Treatment of Pa- 
tients 
9 days | 13 days | 21 days | 35 days 
First half 
Control.......... 211 95 9 85 64 
Penicillin—9 day..| 209 % | 2 11 11 
Second half 
Sulfadiazine...... 223 71 88 81 59 
Penicillin—9 day..| 193 92 1 2 2 


* Patients were excluded at a given convalescent examination if a new 
serologic type of streptococcus was isolated. 


penicillin; in the second portion 230 received 
sulfadiazine and 201 were given penicillin. 
Pertinent information obtained at the time of 
admission is listed in Table un. The number of 
patients having a family history of rheumatic 
fever was lower during the second half of the 
study due to the exclusion of most of such per- 
sons at the time of the original examination. The 
serologic types of streptococci isolated on admis- 
sion varied in the two parts of the study in that 
type 14 became more prevalent and type 19 
less prevalent during the second half. 


RESULTS 


The effects of the different forms of therapy 
on the infecting serologic type of streptococcus 
are summarized in Table m. The carrier rates 
in the untreated patients and in the penicillin- 
treated patients were equal nine days after the 
onset of illness. At this time the infecting organ- 
ism was isolated from a smaller number of those 
treated with sulfadiazine. Since sulfonamides 
have been shown to suppress the growth of 
streptococci,”® the low carrier rate in this group 
at nine days was probably a reflection of such 
bacterial inhibition. Although the carrier rates 
in the control and sulfadiazine-treated groups 
remained high throughout convalescence, the 
frequency of isolation of the organism by a single 
direct culture of the throat decreased as the 
period of time from the onset of illness length- 


ened. This apparent decrease in the carrier 
rates in the two groups was probably due to the 
technics employed for, as mentioned previously, 
if more adequate procedures had been used, 
all the patients probably would have been 
shown to harbor the infecting organism. 


TABLE IV 
EFFECT OF THERAPY ON ANTISTREPTOLYSIN RESPONSE IN 
THOSE PATIENTS FROM WHOM TYPABLE GROUP A 
STREPTOCOCCI WERE ISOLATED ON ADMISSION 


Average Antistreptolysin Titer 
No. 
Treatment of Pa- 
tients Admis- 
9 days | 21 days | 35 days 
units | units units —s units 
First half | | 
211 118 174 339 339 
Penicillin—9 day..., 209 113 168 293 291 
Second half | 
Sulfadiazine... 223 112 «1148 245 270 
Penicillin—9 day... | 193 109 | 145 | 260 267 


In the patients who received penicillin therapy 
on the ninth day there was a marked fall in 
carrier rates on the thirteenth day and the rates 
remained low at subsequent examinations. No 
reason was found for the difference in the carrier 
rates in the penicillin-treated patients at twenty- 
one and thirty-five days between the first and 
second part of the study. 

The antistreptolysin responses to infection are 
recorded in Table rv. During the first part of the 
study the untreated patients showed an average 
increase of 221 units at twenty-one days as 
compared to 180 units in the penicillin-treated 
patients. Thus only an 18 per cent decrease in 
antibody response resulted from delaying peni- 
cillin therapy nine days after the onset of illness. 
Some of the difference in antibody production 
in the two groups was due to the acquisition of 
new infections during the interval between col- 
lection of the serum specimens. If the twenty-one 
control and six penicillin-treated patients who 
acquired a new type of streptococcus are ex- 
cluded, the average increase in antibody was 202 
and 181 units in the control and penicillin 
groups, respectively. This difference is not sta- 
tistically significant. 

During the second half of the study* those 
patients who were treated with penicillin devel- 

*None of the group of penicillin-treated patients 
acquired a new type of streptococcus. Six of the patients 
receiving sulfadiazine acquired a new serologic type of 
streptococcus, but excluding these individuals did not 
alter the average antibody titers. 
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oped slightly less antistreptolysin than the first 
group of penicillin-treated patients. In the pa- 
tients who received sulfadiazine the average 
antistreptolysin response at twenty-one days was 
considerably less than that observed in the 
control group. At thirtysfive days, however, 
the antibody titer in the sulfadiazine group in- 
creased over the titer recorded at twenty-one 
days, whereas in the other three study groups no 
such increase was observed. This increase in 
antibody titer late in convalescence was proba- 
bly due to rapid proliferation of the organism 
after sulfadiazine was discontinued. Thus anti- 
genic stimulation continued later in the course 
of the disease in those treated with sulfadiazine 
than in the other patients. 

The occurrence of rheumatic fever in the 
various treatment groups is summarized in 
Table v. For purposes of comparison the cases 
are tabulated according to the interval from the 
onset of the streptococcal illness to the onset of 
rheumatic fever. The first division of nine days 
was the period of time before the penicillin 
groups received therapy. The next large division 
includes the tenth through the forty-fifth days. 
Previous studies have shown that when the 
latent period is less than thirty-five days, the 
observed streptococcal illness is apparently 
responsible for the rheumatic episode.’ Those 
cases which develop between the thirty-fifth 
and forty-fifth days are frequently due to the 
observed illness although a few patients may 
have acquired an intervening streptococcal 
infection. In the last division, where the interval 
was greater than forty-five days, experience has 
shown that an intervening infection usually is 
responsible for the attack of rheumatic fever. 

The number of patients who developed symp- 
toms of rheumatic fever during the first nine 
days was approximately equal in all four study 
groups. Since three of the groups of patients 
received no therapy during this period, the 
similar attack rates of rheumatic fever indicate 
that comparable groups were selected. Although 
sulfadiazine therapy administered during the 
first five days of hospitalization favorably altered 
the course of the acute illness,*‘ it failed to pre- 
vent rheumatic fever during this early period. 
Indeed, the attack rate of rheumatic fever was 
similar to that observed in the other three 
groups, suggesting that these patients did not 
differ in this regard from the other patients. 
From nine of the ten patients who developed 
symptoms of rheumatic fever during the first 
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nine days the infecting type of streptococcus 
was again isolated at the time of onset of the 
complication. 

Following the administration of penicillin on 
the ninth day of illness there was a striking de- 
crease in acute rheumatic episodes. In contrast, 


TABLE V 
DISTRIBUTION OF CASES OF RHEUMATIC FEVER ACCORDING 
TO THE INTERVAL FROM ONSET OF PHARYNGITIS TO 
ONSET OF RHEUMATIC FEVER 


Number developing rheumatic fever 

Interval 

in Days a Penicillin Sulfadiazi Penicillin 

220 9-day (230 9-day 

(220) (219) (201) 
0-4 1 1 1 2 
5-9 2 2 1 0 
10-14 3 0 4 0 
15-19 1 | 1 3 1 
20-24 1 | 0 1 0 
25-29 1 0 1 1 
30-35 0 0 3 0 
36-45 2 0 0 0 
>45 1 3 0 1 


the patients who received sulfadiazine experi- 
enced no protection against rheumatic attacks. 
Thus there was a total of twenty rheumatic 
episodes observed from the tenth to the forty- 
sixth day among the 450 sulfadiazine and 
placebo-treated patients. In contrast, 420 pa- 
tients received penicillin after recovery from the 
acute streptococcal illness, and only three de- 
veloped acute rheumatic fever during the same 
period. 

Of the twenty patients in the two groups who 
received sulfadiazine or placebos, the infecting 
type of streptococcus was isolated from each 
man during the rheumatic episode. Group A 
streptococci were not isolated during the rheu- 
matic attack from the three patients who 
received penicillin. The symptoms of the com- 
plication began fifteen, seventeen and twenty- 
nine days after the onset of the streptococcal 
illness in the latter patients and in each instance 
classic features of rheumatic fever were exhibited. 

There were five rheumatic patients who devel- 
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oped symptoms later than forty-five days after 
the observed streptococcal infection, but none 
of these rheumatic attacks could be directly 
related to the observed illnesses. The patient in 
the control group had acquired a different 
serologic type of streptococcus during the 
interim. Of the four patients in the penicillin 
groups two had acquired different serologic 
types and two had experienced a sore throat 
during the intervening period. 

In summary, the treatment of streptococcal 
infections with penicillin nine days after the on- 
set of illness eliminated the infecting organism 
from the throat, failed to inhibit antibody forma- 
tion appreciably, and significantly reduced the 
attack rate of rheumatic fever. In contrast, the 
administration of sulfadiazine during the acute 
streptococcal illness suppressed antibody forma- 
tion somewhat more effectively than penicillin at 
twenty-one days, but did not eradicate the 
organism nor prevent rheumatic fever. The 
patients who received no specific therapy sus- 
tained maximum antibody formation, remained 
carriers and experienced the usual attack rate of 
rheumatic fever. 


COMMENTS 


These data indicate that penicillin therapy 
administered even after the acute symptoms of 
streptococcal infections have subsided will re- 
duce the attack rate of rheumatic fever. Because 
of this observation, it is probably also advisable 
to administer penicillin to all patients observed 
in the early phases of acute rheumatic fever, 
under the assumption that eradication of the 
streptococcus may influence the rheumatic 
process. Certainly, further information as to the 
possible effects of such therapy is urgently 
needed. 

The data also support the concept”? that even 
though a drug favorably influences the acute 
symptoms, it should not be used in the therapy 
of streptococcal infections unless adequate 
bacteriologic studies have established that such 
treatment results in elimination of the strepto- 
coccus from the respiratory tract. The preven- 
tion of rheumatic fever is the most important 
aspect of the therapy of these respiratory infec- 
tions, and the evidence presently available in- 
dicates that rheumatic fever is not prevented 
unless the organism is eradicated.”? For this 
reason, it should be emphasized that sulfadia- 
zine or other sulfonamides should never be 


employed in the treatment of streptococcal infec- 
tions. In the present study, sulfadiazine therapy 
did not result in elimination of the infecting 
organism and the incidence of rheumatic fever 
was even higher than in patients receiving pla- 
cebo therapy. 

In addition to these practical considerations, 
the data have certain theoretic implications 
with respect to the pathogenesis of rheumatic 
fever. In previous studies'’:'*:?* it has been ap- 
parent that the prevention of rheumatic fever 
by treatment of streptococcal infections with 
penicillin could be correlated with eradication of 
the infecting organism and with suppression of 
antibody formation. It has not been possible, 
however, to dissociate these latter two effects or 
to determine which, if either, is of primary 
importance. In the present study, by withhold- 
ing penicillin treatment until the convalescent 
phase of the streptococcal disease was well 
advanced, it has been possible to prevent 
rheumatic fever without suppressing signifi- 
cantly the antistreptolysin response. If the anti- 
streptolysin response can be regarded as 
indicative of the response to other streptococcal 
antigens, it may be concluded that the preven- 
tion of rheumatic fever by penicillin treatment of 
streptococcal diseases is not related, in any direct 
or essential fashion, to the suppression of the 
immune response ordinarily seen. These data 
do not, of course, indicate that the immune 
response is not involved in the pathogenesis of 
rheumatic fever, but suggest that it is not of 
primary importance. 

On the other hand, these results strongly indi- 
cate that the living streptococcus plays a more 
direct role in the production of rheumatic fever 
than has generally been considered. Although 
several investigators have isolated group A 
streptococci in a high percentage of cases**—** 
from affected cardiac valves at autopsy, others 
have not found these organisms with any degree 
of regularity?® or have obtained negative results 
despite laborious attempts to culture the organ- 
isms from the heart, subcutaneous nodules, 
joints and blood.*® If it be postulated that living 
streptococci are present in the affected tissues 
in rheumatic subjects, it is difficult to explain 
the non-suppurative character of the rheumatic 
lesions. However, eradication of streptococci by 
penicillin therapy in the present study was 
followed by a prompt fall in the number of new 
cases of rheumatic fever, and the most obvious 
interpretation of this finding is that the living 
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streptococci themselves must be present, in the 
oropharynx or elsewhere, in order for rheumatic 
fever to develop. 

Certain alternative hypotheses regarding the 
pathogenesis of rheumatic fever are rendered less 
tenable by the results of the present investiga- 
tion. If “autoantibodies” were involved,*! 
eradication of the streptococcus late in the 
course of convalescence would hardly be ex- 
pected to alter the outcome. If a “rheumatogenic 
toxin” were involved,*? one would expect that it 
would have been produced during the first few 
days of illness and that delayed antibacterial 
therapy would be ineffective. The concept that 
rheumatic fever begins as a disease entity during 
the acute streptococcal infection, only becoming 
clinically manifest two or three weeks later, is 
not supported by these data, since the strepto- 
coccal illness was allowed to progress without 
interference until a time when the rheumatic 
process should have already been initiated. 

There is some evidence'®:** to support the 
hypothesis that rheumatic fever is the pathologic 
result of a hypersensitivity reaction involving 
streptococcal antigens. The development of a 
state of “bacterial allergy” or “hypersensitivity” 
to bacterial antigens has been demonstrated 
following infections with numerous bacteria, in- 
cluding streptococci.** This hypersensitivity, 
which is of the “‘delayed” or tuberculin type and 
is not obviously related to the presence or titer 
of circulating antibody,** appears to depend, in 
general, on the gradual liberation of small 
quantities of the antigen involved. Thus the 
intradermal injection of non-hemolytic strepto- 
cocci is followed by the development of tuber- 
culin type hypersensitivity, while the intravenous 
injection of these organisms results in the 
development of a high titer of circulating anti- 
body, but fails to produce delayed hyper- 
sensitivity.** It is possible that during the acute 
and convalescent phases of streptococcal pharyn- 
gitis some antigenic product of the living 
streptococcus is produced continuously and 
stimulates the development, over a period of 
days or weeks, of delayed hypersensitivity. Inter- 
ference with the production of this material, by 
eradication of the streptococci even as late as the 
ninth day of illness, might be expected to prevent 
the development of hypersensitiveness of suffi- 
ciently high degree to elicit rheumatic fever. 
Alternatively, the rheumatic process might de- 
pend on a hypersensitivity reaction involving a 
product of streptococci, in which case eradica- 
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tion of the organism would eliminate an essential 
reactant and prevent rheumatic fever. 


SUMMARY 


Rheumatic fever was prevented when penicil- 
lin therapy of streptococcal pharyngitis was 
delayed until nine days after the onset of illness. 
Such delayed therapy resulted in eradication of 
the streptococci from the nasopharynx but did 
not significantly affect the antistreptolysin 
response. The data strongly suggest that the 
development of rheumatic fever requires the 
presence of living streptococci throughout 
convalescence. This conclusion is in conflict 
with certain of the hypotheses previously 
advanced to explain the pathogenesis of rheu- 
matic fever but may be in accord with the 
concept that hypersensitivity of the tuberculin or 
‘“‘delayed”’ type is involved. 

Treatment of acute streptococcal pharyngitis 
with sulfadiazine resulted in only temporary 
suppression of the streptococci in the naso- 
pharynx and was entirely ineffective in preven- 
tion of rheumatic fever. 
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The Use of Antibiotics for the 
Prevention of Rheumatic Fever’ 


GENE H. STOLLERMAN, M.D. 
New York, New York 


has been firmly established as the 
inciting agent both of first attacks and recur- 
rences of the disease.'~* The intelligent and 
judicious employment of chemotherapeutic 
agents should make rheumatic fever prophylaxis 
feasible and practical. The efficiency of such 
prophylaxis depends upon an intimate knowl- 
edge of the relationship of the streptococcus to 
the natural history of rheumatic fever and upon a 
thorough understanding of the principles of the 
chemotherapy and chemoprophylaxis of strepto- 
coccal infections. It is our purpose to review 
some of these principles and to evaluate several 
methods which have been used successfully to 
reduce the incidence and morbidity of the 
disease. 

There are two effective approaches to the 
prevention of rheumatic fever by the use of 
antibiotics. The first is protection of the highly 
susceptible rheumatic subject from repeated at- 
tacks of the disease by maintaining continuous 
chemoprophylaxis against new streptococcal 
infections. The second is prompt and adequate 
treatment of streptococcal pharyngitis in the 
general population to reduce the incidence of 
first attacks of rheumatic fever. Each approach 
is based upon somewhat different considerations 
and will therefore be discussed separately. 


UCH Can now be done to prevent rheu- 
matic fever. The group A streptococcus 


PREVENTION OF RECURRENCES OF RHEUMATIC 
FEVER 


Background. ‘The risk of recurrent attacks of 
rheumatic fever to the patient who has recovered 
from an initial bout of the disease is great. From 
60 to 75 per cent of patients who had one episode 
of rheumatic fever suffered recurrences in the 
period prior to widespread employment of 
antibiotics.° The recurrence rates in 239 rheu- 


matic subjects followed for an average period 
of seven years at the Babies’ and the Presbyterian 
Hospitals in New York City are shown in Table 
1; these patients suffered their initial attack in the 
years between 1932 and 1940. From these and 
other data it is apparent that the greatest num- 


TABLE 1 
RECURRENCES OF RHEUMATIC FEVER* 
| Years after onset 
Recurrences | Total 
|8+ 
«| 43/32/17} 6} 6) 5; 4 3 
Second....... | 44 1..1/10117] 51 2} 1} 3 
17 6; 1] 4) 1} 1 
Additional. . 16 41 5! 4 
| 193 43' 42; 40 18'16/16'10; 7 


* Frequency of recurrences of rheumatic fever in 239 
patients followed for year or more (mean seven years) 
at Presbyterian Hospital and Babies Hospital (onset 1932- 
1940). (From: E. E. Fischel, unpublished data.) 


ber of recurrences occur in the first three years 
following an episode of rheumatic fever. There- 
after the rate of recurrence falls off sharply, 
approaching a rather constant value after the 
fourth and fifth year. 

It has been possible to demonstrate serologic 
evidence of a recent streptococcal infection in 
almost every patient with acute rheumatic 
fever.**? The probability of detecting such evi- 
dence increases with the number of specific 
streptococcal antibodies measured.* When recur- 
rences of rheumatic fever are studied by careful 
immunologic technics, recent streptococcal in- 
fection can be demonstrated almost invariably. 

Five hundred eighty patients were observed at 


* From the Irvington House and the Department of Medicine, New York University College of Medicine, New York, 
N. Y. 
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Irvington House during the first year of recovery 
from an attack of rheumatic fever. To detect 
evidence of new streptococcal infection during 
the period of observation throat cultures were 
made at regular intervals and serum titers of 
antistreptolysin O, antistreptokinase and anti- 


DELAYED APPEARANCE OF RHEUMATIC HEART DISEASE 


20 years later 2/3 without R F 


PRHD 


REGRESSION OF RHEUMATIC HEART DISEASE 
108 
less RHD 


RHD 
€53 
99 


Fic. 1. Bland and Jones (Circulation, 4: 836, 1951). 


20 yeors loter 


hyaluronidase were determined serially. After 
the acute rheumatic process appeared to have 
had subsided completely for a period of at 
least two months, no new attacks of rheumatic 
fever were observed in the absence of bacterio- 
logic or immunologic evidence of new strepto- 
coccal infection. Serologic or bacteriologic 
evidence of intercurrent streptococcal infection 
was demonstrable in all of seventeen rheumatic 
recurrences studied in this series.* 

It would appear that acute rheumatic fever, 
once completely quiescent, rarely exacerbates if 
subsequent streptococcal infection can be pre- 
vented. In the chronic phase, however, the rheu- 
matic process may continue to smoulder for 
long periods without additional streptococcal 
exposure. It remains for future long-term studies 
to determine to what extent antistreptococcal 
prophylaxis will alter the natural history of 
rheumatic heart disease. Will valvular sclerosis 
progress inexorably in the absence of frank or 
subclinical exacerbations of the rheumatic proc- 
ess associated with new streptococcal infections? 
Will patients who recover from episodes of acute 
rheumatic fever without apparent cardiac dam- 
age develop valvular lesions several years later if 
new streptococcal exposures are forestalled? 

A study made in the era before the use of 
antibiotics? showed that in almost half of the 
patients who recovered from an attack of rheu- 
matic fever without apparent cardiac damage 
rheumatic heart disease subsequently developed. 
In most cases such lesions appeared without 
knowledge of new rheumatic attacks. (Fig. 1.) 
At the present time about two-thirds of patients 
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treated at Irvington House recover from an 
initial attack of rheumatic fever without evident 
cardiac damage. Careful prophylaxis maintained 
over a period of years and detailed immunologic 
studies to detect subclinical intercurrent strepto- 
coccal infection should determine whether the 
delayed appearance of rheumatic heart disease 
can be prevented. Preliminary observations 
made for a period of three years have been en- 
couraging’® but do not yet provide conclusive 
answers. 

The data of Bland and Jones® also indicate 
that about one-third of the group of patients 
who sustained cardiac damage following an at- 
tack of rheumatic fever ultimately healed com- 
pletely or showed improvement in cardiac status 
during the twenty-year study. It is conceivable 
that the prognosis for the young rheumatic 
cardiac also might be improved by continuous 
chemoprophylaxis. Indeed, the consequences of 
recurrences in this group must be considered 
particularly grave. The longevity of the rheu- 
matic cardiac may depend to a considerable 
extent upon his protection from renewed bouts of 
carditis. Unfortunately, there is as yet no known 
way to terminate those attacks of rheumatic 
fever which enter a chronic phase and result 
in severe cardiac damage despite complete pro- 
tection from intercurrent streptococcal infection. 

General Principles. Despite the rudimentary 
state of knowledge of the pathogenesis of rheu- 
matic fever, some general principles have been 
formulated for the prevention of recurrences."! 
The attack rate of rheumatic fever in the general 
population following streptococcal pharyngitis 
has been estimated to be about 3 per cent.'* In 
patients who have suffered a recent bout of 
rheumatic fever this attack rate has been re- 
ported as high as 50 per cent.'* From serologic 
and bacteriologic studies it is known that 
subclinical streptococcal infections are frequent 
and can initiate new attacks of rheumatic 
fever.*-* It is generally agreed, therefore, that 
the highly susceptible rheumatic subject must be 
continuously protected against streptococcal ex- 
posure and that for such patients it is unsafe to 
await clinical signs of upper respiratory infec- 
tion before initiating antibiotic prophylaxis. 

The decision as to how long prophylaxis must 
be maintained is a matter to be determined by 
individual circumstances. Certainly it would 
seem wise to protect the rheumatic fever patient 
for at least the five-year period following a 
rheumatic attack during which the recurrence 
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rate is known to be highest. This period should 
be extended for the young rheumatic subject. It 
would be unwise to discontinue protection if 
after five years the patient is still of elementary 
or secondary school age, the period of highest 
incidence of streptococcal infections. Similarly, 
prophylaxis may have to be maintained longer 
if the rheumatic subject attains the age of 
eighteen but is exposed to an environment in 
which the risk of streptococcal exposure is high. 
This is particularly true when rheumatic heart 
disease is present. 

Limited data are available upon which to 
base recommendations for the adult rheumatic 
cardiac. The frequency of streptococcal infec- 
tion and rheumatic recurrences in this age group 
is not well documented. It is known, however, 
that rheumatic recurrences may occur at any 
age and it is well to weigh the possible disastrous 
consequences of a new attack of rheumatic fever 
in a patient with severe rheumatic heart disease 
against the expense and inconvenience of 
maintaining such patients upon antibiotics 
continuously. It has been recommended that all 
patients with rheumatic heart disease on the 
wards of general hospitals receive chemopro- 
phylaxis against streptococcal exposure.'* Exten- 
sion of such protection beyond the hospital 
environment appears reasonable. 

It is not yet known whether the attack rate of 
rheumatic fever following streptococcal infec- 
tion will be diminished after continuous prophy- 
laxis is maintained for several years. Until more 
information becomes available as to whether 
susceptibility to rheumatic attacks “wears off” 
with periods of freedom from streptococcal in- 
fection, it is difficult to limit the duration of 
continuous prophylaxis arbitrarily. 

The selection of patients for continuous chemo- 
prophylaxis should logically include all who 
have had a recent well defined attack of rheu- 
matic fever. This selection cannot be made solely 
on the basis of age, severity of the attack or 
limitation of the overt disease process to the 
joints or central nervous system. The disease is 
recurrent in the older as well as the younger 
_age group. An initial mild attack may be fol- 
lowed by a second bout of severe crippling, even 
fatal carditis. A rheumatic career beginning with 
Sydenham’s chorea may end with advanced 
rheumatic heart disease. 

Patients whose clinical manifestations meet 
the diagnostic criteria of Jones'® present no 
problem of selection. The frequency with which 
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rheumatic fever begins as an ill defined clinical 
syndrome, however, imposes an important 
limitation upon this method of prophylaxis. 
The decision to start prophylaxis for a period of 
years is a serious one and involves the possibility 
of causing psychic trauma and even invalidism 


TABLE 
EFFECT OF SULFONAMIDE PROPHYLAXIS ON RECURRENCE OF 
RHEUMATIC FEVER * 


Rheumatic 
Attacks 


| | | 
| 
| 1,697 283 14.0 
Sulfonamide prophylaxis . | 1,358 | 27 | 1.9 


* Data include references 16-26, inclusive, as sum- 
marized by Rammelkamp.* 


unnecessarily in individuals who are not really - 
rheumatic. At the risk of failing to recognize 
some rheumatic subjects, it is best to reserve 
prophylaxis for those whose diagnosis is firmly 
established. Before instituting small prophylactic 
doses of antibiotic to prevent new streptococcal 
infection, it has been considered advisable to 
administer a course of penicillin therapy 
adequate to eradicate the streptococcal carrier 
state as soon as the diagnosis of rheumatic fever 
has been made.'' The absence of clinical signs 
of pharyngitis and the failure to culture group A 
streptococci from the nose or throat may not 
always exclude the presence of these organisms 
deeper in the tissues, particularly in the presence 
of enlarged tonsils. 

The peak incidence of rheumatic fever in the 
United States usually occurs in the spring; the 
lowest point in the late fall. Sporadic and even 
epidemic streptococcal infection can occur at 
any season, however, so that prophylaxis should 
be maintained throughout the year. 

Methods. Many antibiotics are now available 
which are effective against group A streptococci. 
This discussion is limited to those methods 
which have been applied most extensively to the 
prevention of rheumatic fever. 

Sulfonamide prophylaxis: Fifteen years have 
elapsed since the first reports of Coburn and 
Moore,'* and Thomas and France" suggested 
that the incidence of recurrent attacks of rheu- 
matic fever could be reduced by continuous 


Patient | 
No. Percentage 
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prophylaxis with sulfonamides. Since then 
many independent studies and a vast military 
experience during World War 1'**8 have 
provided a wealth of data which permit some 
definite conclusions. Some of the data have been 
summarized in several recent reviews.!:*.?*.8° The 
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tively high.?® This has not been noted in subse- 
quent studies on large numbers of rheumatic 
patients,*®?8 particularly when small doses of 
sulfadiazine rather than sulfanilamide have been 
employed. 

Fatal agranulocytosis has occurred when pa- 


TABLE III 
EFFECT OF ORAL PENICILLIN PROPHYLAXIS ON RECURRENCE OF RHEUMATIC FEVER 
‘Treated Group Control Group 
Reference Dose of Penicillin - 
Patient R Patient R 
ecurrences ecurrences 
Maliner, Amsterdam**........... 1,000-—5,000 u. t.i.d. (troches) 44 0 44 4 
5,000 u. t.i.d. (troches) 33 0 30 2 
100,000 u. b.i.d. 108 0 110 0 
Smith, Skinner, Erickson’®........ 100,000 to 200,000 u. t.i.d. 36 0 36 0 
50,000 u. b.i.d. 76 3 76 6 
Kohn, Milzer, Maclean*?......... 800,000 u. daily * 48 0 125 20 
45 1 115 16 
40 1 106 19 
Per cent recurrences per patient year... .. 0.6 8.7 


* This dose was administered for the first week of each month nine months of the year (spring, autumn and winter). 
Results of the first two years of this five-year study are not included because the penicillin regimen was varied and not 


consistently maintained. 


combined experience indicates that sulfonamide 
prophylaxis reduces the incidence of recurrences 
of rheumatic fever by at least 85 per cent. 
(Table 

In addition to proven effectiveness, sulfadiazine 
has the advantages of being easy to administer, 
relatively inexpensive and of low toxicity. Some 
of the newer sulfonamides such as gantrisin® 
are probably equally effective*! but offer no 
practical advantage. The dose of sulfadiazine 
recommended is 1.0 gm. daily, given either as a 
single dose or in divided doses of 0.5 gm. twice 
daily. The single dose is often preferred to reduce 
the hazard of forgetfulness. 

Serious toxic reactions to such small doses of 
sulfadiazine are uncommon. In mass prophylaxis 
studies such reactions, usually granulocytopenia 
or exfoliative dermatitis, occurred in approxi- 
mately one in 10,000 subjects. Mild toxic reac- 
tions, such as transient dermatitis, were noted in 
0.5 per cent of subjects.?7 In some earlier studies 
the incidence of toxic reactions to sulfanilamide 
in rheumatic subjects was reported to be rela- 


tients receiving sulfonamides prophylactically 
developed unnoticed, mild granulocytopenia 
and were subsequently given additional, larger 
doses of sulfonamide to combat an intercurrent 
infection.*’ A different antibiotic should be 
chosen to treat such superinfections. 

Group A streptococci resistant to sulfonamides 
have been encountered in large scale prophy- 
lactic programs in military groups.”’ Such resist- 
ant strains have appeared only occasionally in 
civilian life.*?-** These do not constitute a serious 
threat because of the wide variety of effective 
antibiotics available. On two occasions an 
epidemic of sulfonamide-resistant infection de- 
veloped in a convalescent home housing many 
rheumatic children. Prophylaxis was changed to 
oral penicillin in doses of 100,000 units twice 
daily, which prevented further outbreaks.** 

A major limitation of sulfonamides is inherent 
in their mode of chemotherapeutic action. As 
bacteriostatic rather than bactericidal agents, their 
action is suppressive only. They do not eradicate 
the streptococcal carrier state. They are useful, 
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therefore, primarily in preventing new strepto- 
coccal infection after streptococci have been 
eradicated by other means. 

Penicillin prophylaxis: The striking effectiveness 
of penicillin against group A streptococci and the 
limitations of sulfonamide prophylaxis have 
encouraged many recent studies of penicillin 
prophylaxis of rheumatic fever. 

In some of the earlier reports penicillin 
troches were used in a small series of patients and 
rheumatic recurrences were not observed.***¢ 
Varying doses of penicillin have been admin- 
istered orally with favorable results.**—* Several 
controlled studies on limited numbers of patients 
indicate a marked reduction in recurrence rates. 
(Table m1.) Massell has found that the adminis- 
tration of 100,000 to 200,000 units of penicillin 
orally three times daily has prevented strepto- 
coccal respiratory infections and recurrences of 
rheumatic fever in a group of patients at the 
House of the Good Samaritan during a five-year 
period.* 

It is of considerable theoretic interest that in 
the studies of Kohn, Milzer and MacLean 
penicillin prophylaxis was administered inter- 
mittently, in doses of 800,000 units daily for the 
first week of each month, with favorable results. * 
As will be emphasized subsequently, such large 
doses given over this period of time are probably 
sufficient to eradicate the streptococcal carrier 
state in most instances. The results imply that 
under these conditions there may be a “‘safe” 
interval of three weeks between courses of peni- 
cillin before rheumatic fever can be reactivated. 
Until more information is available on this point 
it is perhaps safer to maintain daily oral peni- 
cillin prophylaxis continuously with smaller 
doses. 

It has been determined that oral doses of 500,- 
000 to 1,000,000 units daily are highly effective, 
when administered for at least ten days, in 
achieving clinical cure of streptococcal pharyn- 
gitis and in eradicating the carrier state.***® 
It is quite reasonable to assume that continuous 
daily oral prophylaxis with penicillin in the rheu- 
matic patient would not require a larger dose 
than this, even under epidemic conditions. 

Highly significant, controlled data concerning 
the effectiveness of small daily oral doses of 
penicillin in preventing streptococcal infections 
are accumulating rapidly from studies in pro- 
gress in the Armed Forces. Mass prophylaxis 
undertaken during epidemics of streptococcal 
respiratory infections in naval recruits indicate 
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that single daily oral doses of 50,000 units to 
100,000 units are effective in preventing strepto- 
coccal infection.**** Such small doses are not 
adequate to treat the infected patient, however, 
and do not eradicate the carrier state. They are 
probably not entirely adequate for absolute 
protection of the individual against streptococcal 
infection under conditions of high risk. It is not 
yet known whether such small doses will protect 
the highly susceptible juvenile rheumatic sub- 
ject from recurrences of rheumatic fever. Tem- 
porarily, it might be safer to employ daily doses 
of at least 200,000 to 300,000 units. 

Reviews of the literature have not revealed a 
proved instance of penicillin-resistant group A 
streptococci associated with human infection. 
From in vitro studies it appears quite unlikely 
that the group A streptococcus can acquire 
significant resistance to this antibiotic under the 
clinical conditions which prevail when penicillin 
is employed for chemotherapy or chemoprophy- 
laxis.*’ “‘Penicillin-resistant beta hemolytic strep- 
tococci’”” which were reported to have been 
isolated from patients receiving penicillin pro- 
phylaxis were subsequently identified as belong- 
ing to serologic groups other than “‘A.’’4? There 
is no evidence from the studies of mass prophy- 
laxis in the Armed Forces that the widespread 
use of penicillin prophylaxis is giving rise to 
any change in the sensitivity of group A strepto- 
cocci to penicillin.*® 

Toxic reactions to small oral doses of penicillin 
occur rarely and when present are usually mild. 
The incidence of such reactions in mass pro- 
phylaxis studies involving many thousand troops 
was about 0.3 to 0.7 per cent.** 4648 Well con- 
trolled data concerning the true incidence of 
penicillin reactions are scarce. In a recent study 
placebos of sodium bicarbonate were admin- 
istered to 1,762 men. Three (0.2 per cent) were 
diagnosed as having “penicillin reactions” by 
medical officers who were unaware of the 
placebo treatment.*® 

Urticaria, which occasionally develops during 
the administration of oral penicillin, is usually 
transient. If penicillin is discontinued for a few 
days it can be restarted in most instances without 
causing further reactions.*® When reactions are 
more severe and associated with angioneurotic 
edema, penicillin should be permanently dis- 
continued. Even these reactions, however, do 
not necessarily indicate permanent sensitization 
to penicillin. 

It is usually recommended that penicillin be 
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administered orally under fasting conditions to 
assure optimum absorption. In a recent con- 
trolled study which was conducted on a limited 
number of subjects, administration of penicillin 
tablets buffered with sodium citrate resulted in 
good absorption irrespective of whether they 
were taken before or after meals.*® This observa- 
tion, if confirmed, is of importance since many 
patients cannot be relied upon to take medica- 
tion regularly half an hour before breakfast. 

Repository penicillin (benzathine penicillin): The 

major disadvantage of daily oral prophylactic 
medication is that ambulatory patients are apt to 
forget to take the tablets regularly. Recently a 
new repository penicillin compound, benzathine 
penicillin (N,N’ dibenzylethylenediamine di- 
penicillin G), has been developed. The injection 
of 600,000 units of this compound provides low 
serum levels of penicillin for twelve to fourteen 
days. A single injection of 1.2 million units 
results in detectable penicillin serum levels for 
three to four weeks.®*! 
_ During a ten-month study benzathine penicil- 
lin was administered either once or twice monthly 
to a group of 143 hospitalized patients and was 
found to be effective in eradicating the strepto- 
coccal carrier state and preventing rheumatic 
recurrences.*' A subsequent study was made of 
the administration of 1.2 million units of this 
compound every four weeks to 145 outpatients 
recently recovered from rheumatic fever. During 
a twenty-one-month period no _ rheumatic 
recurrences were observed in this group. Of 
2,716 throat cultures made routinely, three were 
positive for group A streptococci. A significant 
rise in antistreptolysin O titers, which were 
determined in all patients monthly, was noted in 
but three instances. 

Similar results were obtained in an inde- 
pendent study of ninety-six rheumatic fever 
patients who received 1.2 million units of 
benzathine penicillin monthly during a period of 
fourteen months. No recurrences were observed. 
Of 1,045 throat cultures four were positive for 
group A streptococci and only two patients had a 
significant rise in serum titer of antistreptolysin 
O.53 

The site of injection tends to be more painful 
with the use of this compound than with procaine 
penicillin. Severe local reactions resulting in 
abscess formation have not been observed. Mild, 
transient fever may accompany the local reac- 
tion. Hypersensitivity reactions to benzathine 
penicillin so far have not been more frequent or 
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more severe than those observed with the paren- 
teral use of other forms of penicillin. During the 
past three years 6,624 injections have been 
administered to 553 rheumatic fever patients on 
the wards and in the outpatient clinic at Irving- 
ton House for period ranging from ten to twenty- 
one months. Six patients developed transient 
urticaria which lasted for three to four days 
and subsided despite persistence of penicillin in 
the blood for several weeks thereafter. Continued 
treatment with the same compound did not 
result in further reactions. One patient developed 
angioneurotic edema, and penicillin was perma- 
nently withdrawn although the reaction lasted 
but a few days. Eight patients developed non- 
specific rashes which were evanescent, did not 
recur with continued therapy, and could not be 
definitely attributed to penicillin allergy. 

In another study of ninety-six children who 
received 1,000 injections of benzathine penicillin 
during a period of fourteen months there were 
two reactions. One patient developed urticaria 
which lasted four days and one had transient 
polyarthralgia. Neither reaction reappeared 
when treatment was continued.** No hyper- 
sensitivity reactions to single injections of 
benzathine penicillin were noted in one group 
of 108 children treated for streptococcal pharyn- 
gitis** or in a group of sixty-one children to 
whom this compound was administered as 
prophylaxis against suppurative complications 
of measles.*® 

In a careful study of 257 adults who were 
treated for streptococcal pharyngitis with a 
single injection of either 1.2 million units or 
600,000 units of benzathine penicillin G, there 
were six illnesses (2.3 per cent) which could be 
considered complications of penicillin therapy. 
A comparable group of patients receiving 
other forms of penicillin parenterally was not 
included.*® 

Carefully controlled studies on the relative 
frequency of toxic reactions to various types of 
penicillin administered parenterally are not 
available. So far it would appear that the 
parenteral use of benzathine penicillin has not 
been attended by a higher incidence of hyper- 
sensitivity than has been encountered with the 
parenteral use of other penicillin compounds. 

In the absence of controlled observations it is 
difficult to determine whether hypersensitivity 
reactions are less frequent when comparable 
doses of penicillin are administered orally. 
In one large series the incidence of penicillin 
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reactions to large oral doses of penicillin ad- 
ministered for ten days was 1 to 2 per cent.** 

It has been shown that the use of oral doses of 
penicillin® or of monthly injections of benzathine 
penicillin®! does not increase significantly the 
penicillin resistance of pharyngeal strains of 
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reliability, is relatively economical and, though 
somewhat painful, appears so far to be safe. 

The choice of one of the three types of prophy- 
lactic medication discussed in the preceding 
paragraphs varies according to_ individual 
considerations. Some patients can be relied upon 


TABLE IV 
METHODS OF CONTINUOUS CHEMOPROPHYLAXIS 
Antibiotics Advantages Disadvantages Recommended Dose | Toxicity 
1. Easily administered 1. Frequent breaks in routine 1.0 gm./day Skin eruptions—0.5 % 
Sulfadiazi 2. Well absorbed 2. Risk of serious toxicity 
: — 3. Inexpensive 3. Resistant streptococci Blood reactions—0.01 % 
4. Established effectiveness 4. Bacteriostatic 
1. Bactericidal 1. Frequent breaks in routine 200,000-250,000 units | Urticaria; angioneurosis /, 3-0.7% 
2. Serious toxicity rare 2. Irregular absorpticn once or twice daily | “serum type sickness” ~~ °° 
Oral penicillin 3. No resistant streptococci 3. Costly 
4. Minimum effective dose not Anaphy laxis 
well established Periarteritis” sate 
1. “Break” in prophylaxis less _|-1. Requires injection 1,200,000 units I.M.| Urticaria 
likely 2. Moderate local soreness once monthly Angioneurosis 1.2% 
annem 2. Single dose usually eliminates “Serum type sickness” 
carrier state Anaphylaxis 
3. Economical ““Periarteritis” 
penicillin 4. Close patient contact 
5. Other advantages of penicillin 
| (See oral penicillin) 


Streptococcus viridans. Serum levels of penicillin 
following injection of benzathine penicillin 
remain very low and although effective against 
such exquisitely sensitive organisms as group A 
streptococci and gonococci, such low levels of 
penicillin do not protect against the less sensi- 
tive green streptococcus. Two patients have 
developed subacute bacterial endocarditis while 
receiving monthly injections of benzathine peni- 
cillin as prophylaxis against rheumatic recur- 
rences. In both instances the organisms recovered 
were penicillin sensitive and both patients 
were cured by large doses of penicillin G (2.5 to 
10 million units daily) given for four weeks. !° 

In addition, the low penicillin blood levels 
which result from intramuscular injection of 
benzathine penicillin are not adequate for 
prophylaxis or treatment of many strains of 
Staphylococcus aureus. Because of these low 
blood levels, however, the penicillin resistance 
of Staph. aureus cannot be greatly increased 
by the prolonged administration of benzathine 
penicillin. Under these circumstances superinfec- 
tion with this organism has been cured by daily 
doses of 600,000 units of aqueous procaine 
penicillin given intramuscularly for seven days. '° 

Administration of single monthly injections of 
benzathine penicillin as continuous prophylaxis 
for rheumatic subjects has the advantage of 
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to take tablets daily without fail. Others may 
consider it safer and easier to come to the doc- 
tor’s office or clinic once a month for an injection 
of benzathine penicillin. A brief comparison of 
the three methods of continuous prophylaxis 
appears in Table tv. 

Other antibiotics such as aureomycin, terra- 
mycin or tetracycline probably can be employed 
successfully to prevent rheumatic recurrences. At 
present, however, such compounds offer no 
significant advantages, are more costly and 
should be reserved for patients intolerant of 
penicillin or sulfonamides. 


PREVENTION OF INITIAL ATTACKS OF RHEUMATIC 
FEVER 


If streptococcal infections are treated promptly 
and adequately with penicillin the frequency 
with which rheumatic fever develops subse- 
quently can be greatly reduced. Studies con- 
ducted at the House of the Good Samaritan first 
indicated that early treatment of streptococcal 


infections with intensive penicillin therapy 


prevents recurrent attacks of rheumatic fever in 
rheumatic subjects.*’—*® Since then admirably 
controlled large scale studies conducted at the 
Streptococcus Disease Laboratory at Francis E. 
Warren Air Force Base have extended these 
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observations to include the general population 
and have established firmly the chemothera- 
peutic principles upon which such prevention is 
based.*°-*! These studies indicate that the inci- 
dence of overt rheumatic fever can be reduced 
by 96 per cent in patients properly treated with 
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onset of symptoms may still exert some favorable 
prophylactic effect upon the incidence of 
rheumatic sequelae. 

Complete eradication of streptococci from the 
throat during therapy is essential. Sulfonamides, 
which are bacteriostatic rather than bactericidal 
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penicillin but it has not yet been proven that 
subclinical rheumatic carditis has been averted. 
It would appear reasonable, however, to accept 
for the present a method which has been shown 
to prevent at least the frank clinical manifesta- 
tions of rheumatic fever which follow strepto- 
coccal infection. 

The earlier penicillin is instituted in the course 
of streptococcal pharyngitis the more effective 
is prevention of subsequent rheumatic fever. 
Optimum results are obtained when treatment is 
initiated within forty-eight hours of the onset of 
symptoms of sore throat. There is some recent 
evidence to suggest, however, that treatment 
instituted even as late as nine days after the 


agents, have long been known to be ineffective 
in this regard.® Penicillin, although a powerful 
bactericidal agent against group A streptococci, 
must be administered well beyond the period of 
clinical cure to remove these organisms from the 
throat completely. 

Group A streptococci are exquisitely sensitive 
to penicillin (almost invariably less than 0.04 
units per ml. in vitro). The blood concentration 
of penicillin need not be high to achieve a 
maximum killing effect. Once such levels have 
been provided, efficiency of chemotherapy is a 
function of its duration.** These experimental 
principles have found empirical confirmation 
in studies which have established the dose 
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schedules of penicillin required to eradicate 
permanently the streptococcal carrier state.*** 

If penicillin is administered orally, a minimum 
daily dose of 500,000 units must be given for ten 
days. Larger doses given for shorter periods are 
less effective. If penicillin is administered paren- 
terally any schedule may be employed which 
maintains effective concentrations of penicillin 
for a ten day period. Thus daily injections of 
300,000 units of procaine penicillin for ten 
days; 600,000 units of procaine penicillin in oil 
with 2 per cent aluminum monostearate given 
every other day for three or four doses; or one 
injection of 600,000 to 1.2 million units of 
benzathine penicillin®* have proven highly effec- 
tive. The average serum levels resulting from a 
single injection of different forms of repository 
penicillin are shown in Figure 2. 

The practical advantage of administering a 
single injection suggests that benzathine penicil- 
lin is the treatment of choice for streptococcal 
pharyngitis if subsequent, more extensive experi- 
ence confirms the low incidence of penicillin 
hypersensitivity. If the oral route of administra- 
tion is chosen, treatment must be maintained for 
a minimum period of ten days. This regimen is 
often difficult to enforce because clinical symp- 
toms of streptococcal sore throat almost always 
abate within twenty-four to forty-eight hours 
when penicillin is administered. In younger 
children vomiting often accompanies strepto- 
coccal sore throat, which makes oral therapy 
unreliable. 

Treatment of streptococcal infection with 
aureomycin also reduces the incidence of rheu- 
matic sequelae. It is somewhat less effective than 
penicillin.” The dose of aureomycin recom- 
mended is 2 gm. daily for seven days. Its use is 
preferred for patients who are sensitive to 
penicillin. 

It is quite apparent that the major limitation 
of the chemotherapeutic approach to the preven- 
tion of rheumatic fever is the difficulty of clinical 
identification of streptococcal sore throat. To 
avoid the promiscuous and unnecessary adminis- 
tration of penicillin to patients with viral and 
non-streptococcal upper respiratory infections, 
the clinical criteria for the diagnosis of strepto- 
coccal pharyngitis should be more widely 
recognized. Simple coryza, cough, hoarseness 
and tracheitis are rarely due to streptococci. 
The syndrome of sudden onset of fever, sore 
throat, “‘beefy’’ redness of the pharynx, and 


pharyngeal exudate suggests the diagnosis. 
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Cervical lymphadenitis and the presence of 
leukocytosis add further evidence for it. In a 
recent large series of patients studied a proper 
diagnosis was made on clinical criteria alone 
with 70 per cent accuracy.™ 

Because the preceding streptococcal infec- 
tion may be inapparent in at least 38 per cent of 
patients in whom rheumatic fever develops® it is 
obvious that the chemotherapeutic approach 
will prevent, at best, little more than half of the 
total cases. The proper diagnosis, treatment and 
control of streptococcal infections may reduce 
their prevalence and this could be reflected 
in a further decline in the incidence of rheumatic 
fever. 

The use of antibiotics in the prophylaxis of 
rheumatic fever is far from an ideal solution of 
the problem. Pending more knowledge and a 
better approach, however, the incidence and 
morbidity of the disease can be reduced signif- 
icantly by appreciation on the part of physicians 
and the general public of the importance of 
early diagnosis and proper therapy of strepto- 
coccal disease and upon diligent protection of 
rheumatic subjects from streptococcal infection. 
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Laboratory Aids in the Diagnosis of 
Rheumatic Fever and in Evaluation 
of Disease Activity’ 


HARRISON F. Woop, m.p. and Mactyn McCarty, M.D. 
New York, New York 


ERE are two ways in which the laboratory 
| might be expected to give assistance in 
dealing with the problem of rheumatic 
fever. The first is in the diagnosis of the disease, 
and the second is in guiding the medical man- 
agement of the disease by providing an index 
of rheumatic activity. At the present time com- 
pletely satisfactory laboratory procedures have 
not been developed in either of these categories. 
Thus there is still no specific diagnostic test for 
rheumatic fever, and there is no test for rheu- 
matic activity that can be relied upon when the 
patient is under full therapy. However, there 
are laboratory procedures available which, de- 
spite their limitations, can be of great value both 
in diagnosis and management of the disease. 
The purpose of this paper is to emphasize the 
most practical and generally applicable of these 
procedures and to consider their interpretation 
and evaluation. 

The classic and readily recognized cases of 
acute rheumatic fever represent only a portion of 
the total cases, and diagnosis frequently presents 
a difficult clinical problem in the others. Because 
of the diversity of the manifestations of the 
disease and the variability of the combinations in 
which they can occur, it is not possible to apply 
any simple formula in arriving at a diagnosis. 
The large number of disease entities that have 
been confused with rheumatic fever and that 
must be considered in differential diagnosis 
emphasize the diagnostic difficulties. It is evi- 
dent that in a situation of this kind a specific 
diagnostic test would be of inestimable value. It 
is not necessary that such a test be based upon a 
thorough understanding of the pathogenetic 
mechanisms in rheumatic fever, a fact that is 
adequately demonstrated by such procedures as 


the Wassermann test for syphilis and the hetero- 
phile antibody test as employed in the diagnosis 
of infectious mononucleosis. However, up to the 
present time a procedure of this type has not 
been developed to assist in the diagnosis of 
rheumatic fever. 

In the absence of a specific test for rheumatic 
fever the laboratory is still able to make an im- 
portant contribution by supplying evidence 
concerning the occurrence of recent streptococcal 
infections. During the past few decades the 
relationship between group A. streptococcal 
infections, usually streptococcal pharyngitis or 
tonsillitis, and rheumatic fever has become 
firmly established. The time relationships be- 
tween the precursory bacterial infection and the 
onset of the rheumatic attack have been clearly 
defined, and the pattern is sufficiently reproduci- 
ble to provide a basis for diagnostic procedures. 
The bacteriologic isolation and identification of 
group A streptococci is of only limited value in 
this regard. Due to the fact that a period of sev- 
eral days to several weeks intervenes between 
the acute bacterial infection and the onset of 
rheumatic fever, the offending organisms are 
frequently not recoverable after rheumatic 
symptoms have appeared. This has become in- 
creasingly true with the introduction of penicillin 
and other antibacterial agents, since one of these 
drugs has often been administered at some time 
during the prodromal period of the disease. 
Furthermore, the successful isolation of group A 
streptococci may give no information about the 
time of occurrence of an acute infection, because 
the carrier state can persist for an indefinite 
period. 

The demonstration of serum antibodies to 
individual antigens of group A streptococci has 


* From the Hospital of the Rockefeller Institute for Medical Research, New York, N. Y. 
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proved to be a much more valuable tool for 
detecting the occurrence of recent streptococcal 
infections. While the pattern of the antibody 
response to a number of different streptococcal 
components has been studied in detail, the anti- 
bodies to certain of the biologically active 
extracellular products of group A streptococci 
have received most attention. In general, the 
appearance and disappearance of antibody fol- 
lows the same course in the case of each of these 
antigens. A rise in antibody titer becomes 
detectable in the second week following the 
streptococcal infection and the titer increases 
until a maximum level is reached at four to six 
weeks. Subsequently, the titer remains at or 
about the maximum level for a variable period 
and then gradually declines at a rate that is 
considerably slower than the rate of initial 
increase of antibody. These facts are of impor- 
tance in interpretation of the results of antibody 
studies in rheumatic fever, since it is necessary to 
take into consideration the duration of the dis- 
ease and the probable interval that has elapsed 
since the streptococcal infection. The so-called 
latent period between the streptococcal infection 
and the onset of rheumatic fever is usually shorter 
than the time required to reach maximum anti- 
body titer, consequently the titer is still increas- 
ing during the early phase of the illness. This is of 
importance in some instances, since the first 
serum drawn may contain insufficient antibody 
to establish the occurrence of a recent strepto- 
coccal infection, while serum obtained one to 
two weeks later may show a greatly increased 
titer. On the other hand, if the patient first 
comes under observation some months after 
the onset of rheumatic disease the titer of anti- 
body may have fallen again to a range of un- 
certain significance. These examples serve to 
illustrate the fact that the numerical expression 
of the antibody titer supplied to the clinician by 
the laboratory does not stand by itself but must 
be interpreted in the light of the complete 
clinical picture. 

Of the several antibody determinations that 
have been studied in connection with rheumatic 
fever, the one that is most practical and feasible 
as a routine diagnostic tool is the antistreptolysin 
O test. This test possesses numerous advantages 
over other available antibody titrations. Not 
only is the test itself simple to carry out but also 
the reagents are more readily available than is 
the case with the tests for other antibodies. The 
latter is particularly true now that the antigen, 
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streptolysin O, is available commercially;* but 
even if the antigen is prepared in the laboratory 
the antistreptolysin O determination requires the 
least in the way of special materials. In the case 
of the antibody to streptokinase the test employs 
a complex reaction mixture made up of materials 
that are not readily standardized or freed of 
substances that may interfere with the test. The 
procedure for estimation of antibody to strepto- 
coccal hyaluronidase is relatively simple but it 
depends on the use of highly polymerized 
hyaluronic acid as substrate and this material is 
not conveniently prepared in large amounts. 
Similarly, the test for antidesoxyribonuclease 
depends on the availability of high molecular 
desoxyribonucleic acid, and in addition the use 
of this test suffers from a more serious drawback 
in that a much smaller proportion of patients 
respond to this antigen following streptococcal 
infections than is the case with the other anti- 
gens mentioned. Since the antistreptolysin O 
determination requires nothing more compli- 
cated as substrate than washed rabbit red blood 
cells, it will be readily understood why it has 
become the most widely used procedure for 
demonstrating the occurrence of recent strepto- 
coccal infection. 

A number of modifications of Todd’s original 
procedure' for titrating serum antistreptolysin O 
have been devised but the differences are pri- 
marily in the method of preparing the serum 
dilutions. The end-point of the titrations by all 
these procedures is the highest dilution of serum 
that completely inhibits lysis of red cells by one 
unit of streptolysin O, and the results are fre- 
quently expressed numerically as the reciprocal 
of this dilution. Thus a serum that prevents lysis 
at a dilution of 1:500 is said to contain 500 
units of antistreptolysin O. Modifications of the 
dilution method have been designed to reduce 
the manipulations required and at the same time 
retain sufficiently narrow dilution increments so 
that small changes in titer will be detectable. 

It is obvious that if the results of the anti- 
streptolysin test are to have similar values in 
different laboratories, standardization of the 
procedure assumes considerable importance. It 
is necessary that the proportion of various rea- 
gents and the conditions under which the test is 
carried out be the same and, most importantly, 
that an identical standard unit of streptolysin O 
be universally adopted. In the past this has been 
accomplished in individual laboratories by 

* Difco Laboratories, Detroit, Mich. 
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checking the standardization of the lysin prepa- 
ration used either with human sera of known 
antistreptolysin titer obtained from other labora- 
tories or with the standard horse antistreptolysin 
prepared by Todd. That this has worked fairly 
well is indicated by the fact that a comparable 


Number 


Maximum 
antistreptolysin titer 


Fic. 1. Distribution of maximal antistreptolysin O titers 
in eighty consecutive cases of early rheumatic fever. 


range of titers in streptococcal disease and 
rheumatic fever has been reported by different 
workers. There is, however, no central source of 
standard antisera, and the problem of biologic 
standardization remains in a somewhat unsatis- 
factory state. The maker of commercial strepto- 
lysin O attempts to deal with this problem by 
supplying prestandardized lysin, and if the 
standardization of the material is carefully 
controlled, there is no theoretic reason why this 
should not give reliable results. 

If the antistreptolysin test is well controlled, 
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the results obtained are readily reproducible 
within the limits imposed by the serial dilution 
method. Replicate tests rarely vary by more than 
one tube in the dilution series. It is under- 
standable that many workers have attempted to 
devise a more quantitative procedure, usually 
based on colorimetric estimation of hemoglobin 
released by hemolysis. No quantitative method 
has yet proved generally acceptable but renewed 
interest in this problem in several laboratories 
increases the possibility that a method of this 
type will be available in the future. 

The specificity of the standard antistreptolysin 
test appears to be very high, and cross-reactions 
resulting from antibody to similar lysins formed 
by other bacteria do not present a significant 
practical problem. In addition, there is adequate 
evidence that non-streptococcal illnesses do not 
cause a non-specific rise in the titer of antistrepto- 
lysin. The powerful inhibitory effect of certain 
lipids on streptolysin can be troublesome, how- 
ever, since changes in serum lipids brought 
about by bacterial contaminations can result in 
marked increase in the apparent antistreptolysin 
content. Thus it is important either to employ 
procedures to avoid contamination of sera or to 
carry out titrations while the sera are still fresh. 

The use of the antistreptolysin O determina- 
tion as an adjunct in the diagnosis of rheumatic 
fever requires a thorough understanding of the 
behavior of this antibody. It has been demon- 
strated that at least 80 to 90 per cent of patients 
with rheumatic fever have definite elevations in 
antistreptolysin titer early in the course of the 
disease. This cannot be interpreted as indicating 
that 10 to 20 per cent of cases of rheumatic fever 
are not associated with streptococcal disease, 
since an even larger proportion of patients with 
proved, uncomplicated streptococcal infections 
fail to develop this antibody. However, this 
finding defines one of the limitations of the test 
as a diagnostic procedure because the absence 
of a significant rise in the titer of this antibody 
does not exclude the possibility of a recent 
streptococcal infection or of rheumatic fever. 
On the other hand, the antibody response occurs 
in such a high proportion of cases of rheumatic 
fever that a low or negligible titer in the early 
phases of a disease believed to be rheumatic 
fever should lead to critical re-evaluation of the 
diagnosis. 

The distribution of maximal antistreptolysin 
O titers in a series of eighty consecutive cases of 
early acute rheumatic fever studied in the 
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Hospital of the Rockefeller Institute is illus- 
trated in Figure 1. It will be noted that the large 
majority of the cases (seventy-four of eighty, or 
92 per cent) have titers of 250 or above. As 
pointed out in a previous publication,* when the 
same series consisted of forty-six cases, the two 
cases with maximal titers of less than 25 units 
were both children under five years of age. There 
are too few representatives of this young age 
group in this series to establish the significance 
of this fact but the finding is consistent with the 
results of other workers who have found that 
infants and very young children show a low 
incidence of antibody response following proved 
streptococcal infections. 

For all practical purposes, if a single serum 
specimen shows a titer of 500 units or higher, 
reasonably good evidence is provided for the 
occurrence of a recent streptococcal infection. 
The evidence can be strengthened by repeating 
the test on later serum specimens to determine 
whether the titer is rising, falling or stationary. 
When the titer of the initial serum is lower, 
e.g. below 500 units, it becomes more imperative 
to Carry out repeated determinations in order to 
evaluate its possible significance. Thus an 
initial titer of 250 units would have to be con- 
sidered an equivocal finding, but a subsequent 
rise to 500 units followed by a fall during con- 
valescence to levels below the initial titer would 
clearly indicate that an infection with strepto- 
cocci had been present not more than a few 
weeks before the first serum sample was obtained. 

The limitations on the diagnostic usefulness of 
the antistreptolysin O test in rheumatic fever 
imposed by the fact that not all patients respond 
with significant increases of antibody to this 
antigen can be largely overcome in those labora- 
tories that have facilities for carrying out tests 
for other streptococcal antibodies. An individual 
who fails to respond to the antigenic stimulus of 
streptolysin O in the course of a streptococcal 
infection may respond quite normally to other 
antigens, such as hyaluronidase or streptokinase. 
Experience has shown that if a sufficient number 
of antibodies are studied the proportion of 
rheumatic fever patients showing an unequivocal 
response to at least one streptococcal antigen 
approaches 100 per cent. | 

A more serious limitation on the diagnostic 
usefulness of the antistreptolysin O determina- 
tion derives from the fact that it is in no sense 
specific for rheumatic fever, and that it is possible 
for a patient with a disease simulating rheumatic 
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fever to have a high antistreptolysin O titer as 
the result of a recent streptococcal infection that 
is unrelated to the presenting illness. This 
occurrence will of course be more likely during 
periods of high endemicity of streptococcal dis- 
ease or during frank epidemics. In any event, 
this sequence of events will depend on pure 
coincidence and will thus be relatively uncom- 
mon, but it is well to keep this possibility in mind 
in evaluating the antistreptolysin O test in 
individual cases. 

The possible effect of antibiotic therapy on the 
production of streptococcal antibody must be 
considered in relation to the use of the streptoly- 
sin test as a diagnostic procedure. It has been 
shown in several laboratories that adequate 
penicillin therapy during acute streptococcal 
sore throat results in marked suppression of the 
expected antibody response to a variety of 
streptococcal antigens.*-* However, since this 
treatment also appears to prevent the occurrence 
of rheumatic fever,* this finding has no bearing 
on the evaluation of the antistreptolysin titer in 
the diagnosis of rheumatic fever. Antibacterial 
therapy that is inadequate either in dosage or 
duration of administration does not consistently 
eliminate the streptococci from the throat and 
has little effect on the antibody response or the 
incidence of rheumatic fever. 

By way of summarizing the status of antibody 
tests as diagnostic tools, it can be stated that the 
antistreptolysin O test provides a_ practical 
procedure which can be successfully carried 
out in general laboratories and which supplies 
useful supplementary information in the diag- 
nosis of rheumatic fever. 

In addition to the high degree of variability 
displayed by the symptoms and signs of rheu- 
matic fever, there is an exceedingly broad range 
in the duration of the disease. Persistent rheu- 
matic activity is frequently subclinical so that it 
is not readily detected, and for this reason the 
development of laboratory tests for the estima- 
tion of activity of the disease process has been 
the concern of clinical investigators for many 


years. 

The time-honored test used as an index of 
rheumatic activity is the determination of the 
erythrocyte sedimentation rate. This test de- 
pends upon changes in the composition of the 
blood that occur in rheumatic fever, as well 
as in numerous other diseases, and that result 
in increased rouleaux formation of the eryth- 
rocytes which in turn increases their sedi- 
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mentability. The erythrocyte sedimentation rate 
has proved to be of great value in following the 
course of rheumatic fever and in evaluating 
therapeutic regimens, and because of its great 
simplicity and relative reliability there can be 
little doubt that it will continue to be the most 
widely used single test for rheumatic activity. 

It is not within the scope of this discussion to 
describe and compare the numerous modifica- 
tions of the technic of measuring the erythrocyte 
sedimentation rate. Any of the various well 
established methods will prove satisfactory if 
evaluated in terms of the defined normal range 
and the maximum fall that can be expected. In 
this laboratory the Westergren method,’ which 
has both advantages and disadvantages in com- 
parison with other methods, has been employed 
for many years. Perhaps one of the most favor- 
able features of this method in its application to 
rheumatic fever is the fact that the 200 mm. tube 
provides for a large range between the normal 
values and the maximum observed during the 
acute disease. As a result, changes in the sedi- 
mentation rate measured by this method are 
expressed by larger increments and provide a 
reliable index of the progress of suppressive 
therapy. In acute rheumatic fever values com- 
monly obtained by this method range from 90 to 
130 mm. in the first hour, and the rates for 
normal individuals are usually below 15 mm. / 
hour. Successful suppressive therapy is accom- 
panied by a progressive decline in the sedimenta- 
tion rate, and a failure of the rate to decline or an 
increase in the rate indicates that the disease 
process is not being adequately controlled. 

Despite the simplicity of the sedimentation 
test, it has certain deficiencies as a tool for the 
measurement of rheumatic activity. As evidence 
for this statement one can cite the continued 
search for other tests and the variety of pro- 
cedures that have already been suggested to 
replace or supplement the sedimentation rate. 
Among the limitations of the sedimentation rate 
is the fact that the normal range is somewhat 
poorly defined so that some healthy individuals 
show values that fall in what is usually con- 
sidered the pathologic range. Furthermore, the 
test often appears to be insensitive. ‘The sedimen- 
tation rate may at times respond sluggishly to 
obvious changes in the clinical condition, and in 
the presence of low grade activity it may be 
normal or equivocal. The alternative procedures 
that have been employed for estimating rheu- 
matic activity include the following: total 
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leukocyte count, the Weltmann serum coagula- 
tion reaction,'® determination of serum muco- 
protein,'! measurement of non-specific hyalu- 
ronidase inhibitor of serum,'? measurement of 
serum complement,'* determination of serum 
C-reactive protein,'* the bactericidal activity of 
the blood versus Bacillus subtilis,'® a serum 
precipitation reaction with a quaternary am- 
monium salt'® and a diphenylamine color 
reaction with serum.” 

Except for the leukocyte count, which is too 
insensitive to be of great value, the most 
widely used of these procedures at the present 
time is the determination of the presence of 
C-reactive protein in the serum.!*!%-?! Until 
recently the use of this test was severely limited 
by the fact that the reagent required for detec- 
tion of the protein, specific rabbit antiserum to 
C-reactive protein, was not readily available. 
Since the antiserum is now produced com- 
mercially* this restriction on the general useful- 
ness of the procedure no longer prevails. 

C-reactive protein is a substance that is not 
present in the blood of normal, healthy sub- 
jects but appears promptly in the course of a 
wide variety of disease states. It owes its name 
to the fact that its occurrence was first recognized 
as a result of its property of reacting to form a 
precipitate with the so-called C polysaccharide 
of pneumococcus. C-protein is_ serologically 
distinct from the normal proteins of serum, and 
consequently it is possible to use specific anti- 
serum as a reagent for detecting its presence in 
patients’ sera. The technical procedures involved 
in carrying out the test are exceedingly simple 
and involve application of the economical capil- 
lary precipitin technic first described for use in 
the grouping and typing of hemolytic strepto- 
cocci.*? Equal parts of the patient’s serum and 
rabbit antiserum to C-protein are mixed in a 
capillary tube, and after appropriate incubation 
and refrigeration the degree of reactivity is 
determined on the basis of the amount of 
precipitate in the tube. The procedure is only 
semi-quantitative but the volume of precipitate 
formed provides a reasonably accurate index of 
the amount of C-reactive protein present in the 
serum. 

Except in cases of pure chorea, C-reactive 
protein is always present in the serum in acute 
rheumatic fever, and the amount present is more 
or less proportional to the severity of the illness. 
There is a rough correlation between the eryth- 

* Schieffelin and Co., New York, N. Y. 
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rocyte sedimentation rate and C-reactive protein 
but there are many instances in which the results 
of the two tests are dissimilar. For example, in 
the early recovery period of rheumatic fever 
the C-reactive protein usually becomes negative 
before the sedimentation rate has returned to 
normal, and in the so-called laboratory re- 
bounds that follow discontinuation of therapy 
it is not uncommon to encounter a rise in the 
sedimentation rate unaccompanied by the ap- 
pearance of C-protein. 

One of the advantages of the C-protein test 
is that normal subjects give completely negative 
reactions and there is no “normal range” to 
complicate interpretation. In addition, the test 
appears to be highly sensitive and changes in the 
patient’s condition are reflected quite promptly, 
and in some cases predicted by changes in the 
concentration of C-protein. The test serves 
as a highly useful adjunct to the erythrocyte 
sedimentation rate in guiding the medical 
management of rheumatic fever. 

It must be apparent that the various tests for 
rheumatic activity have but little value as 
diagnostic tools since they give positive results 
in a vast number of clinical conditions. Once the 
diagnosis of rheumatic fever is established, how- 
ever, these procedures give the clinician invalua- 
ble information concerning the persistence of 
rheumatic disease. The most serious deficiency 
of the tests for activity, and it is one of consider- 
ble importance, is that they are unable to detect 
underlying disease activity when the symptoms 
and signs are suppressed by therapy. Thus when 
the overt manifestations of rheumatic fever are 
brought under control by either salicylate or 
hormonal therapy the sedimentation rate and 
C-reactive protein return to normal despite the 
fact that withdrawal of therapy will quickly show 
that the illness is merely suppressed and not cured. 
This poses an important problem since there is 
no way to determine how long therapy should 
be continued in the individual case except by 
trial and error. Some hope that a test may ulti- 
mately be available for detecting underlying 
disease activity in patients under suppressive 
therapy comes from the study of Kelley, Adams 
and Good on the serum mucoprotein in rheu- 
matic fever.** These workers found that the 
mucoprotein tended to remain at moderately 
elevated levels in contrast to the fall in the 
sedimentation rate during hormonal treatment, 
and they suggest that this may indicate persisting 
disease activity. 
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Although it is obvious that there is much room 
for improvement in the armamentarium of 
laboratory tests to be used in rheumatic fever, the 
physician receives invaluable assistance from 
the proper application of those that are now 
available. However, scientific precision in the 
diagnosis and management of rheumatic fever 
will not be possible until more specific and 
sensitive procedures are devised. 


REFERENCES 


1. Topp, E. W. Antihaemolysin titers in haemolytic 
streptococcal infections and their significance in 
rheumatic fever. Brit. J. Exper. Path., 25: 21, 1944. 

2. McCarty, M. Present status of diagnostic tests for 
rheumatic fever. Ann. Int. Med., 37: 1027, 1952. 

3. Lipparp, V. W. and Jounson, P. Beta hemolytic 
streptococcic infection in infancy and in child- 
hood. 1. Antifibrinolysin and antistreptolysin 
response. Am. J. Dis. Child., 49: 1411, 1935. 

4. Rantz, L. A., Maroney, M. and DiCaprio, J. M. 
Antistreptolysin O response following hemolytic 
streptococcus infection in early childhood. Arch. 
Int. Med., 87: 360, 1951. 

5. Wenstein, L. Effect of types of treatment on devel- 
opment of antistreptolysin in patients with scarlet 
fever. Proc. Soc. Exper. Biol. & Med., 63: 449, 1946. 

6. Kirsourng, E. D. and Loce, J. P. The comparative 
effects of continuous and intermittent penicillin 
therapy on the formation of antistreptolysin in 
hemolytic streptococcal pharyngitis. J. Clin. 
Investigation, 27: 418, 1948. 

. Anperson, H. C., Kunker, H. G. and McCarry, M. 
Quantitative antistreptokinase studies in patients 
infected with group A hemolytic streptococci: 
a comparison with serum antistreptolysin and 
gamma globulin levels with special reference to the 
occurrence of rheumatic fever. J. Clin. Investiga- 
tion, 27: 425, 1948. 

8. WANNAMAKER, L. W., Rammertkamp, C. H., Jr., 
Denny, F. W., Brinx, W. R., Houser, H. B. and 
Haun, E. O. Prophylaxis of acute rheumatic fever 
by treatment of the preceding streptococcal infec- 
tion with various amounts of depot penicillin. 
Am. J. Med., 10: 673, 1951. 

9. WesTERGREN, A. The technique of the red cell 
sedimentation reaction. Am. Rev. Tuberc., 14: 94, 
1926. 

10. R. I., Levinson, S. A. and Rosensium, D. 
Weltmann reaction and sedimentation during 
rheumatic fever in childhood. Am. J. Dis. Child., 
59: 48, 1940. 

11. Kerrey, V. C., Goon, R. A. and McQuarre, I. 
Serum mucoproteins in children in health and 
disease with special reference to rheumatic fever. 

_ Pediatrics, 5: 824, 1950. 

12. Goon, R. A. and Gricx, D. Mucolytic enzyme sys- 
tems. 1x. Non-specific hyaluronidase inhibitor in 
rheumatic fever. J. Infect. Dis., 86: 38, 1950. 

13. Fiscner, E. E., Pauw, R. H. and Lesn, J. Serological 
studies in rheumatic fever. 1. Serum complement 
in the rheumatic state. J. Clin. Investigation, 28: 
1172, 1949. 


774 


14. Anperson, H. C. and McCarty, M. Determination 
of C-reactive protein in the blood as a measure of 
the activity of the disease process in acute rheu- 
matic fever. Am. J. Med., 8: 445, 1950. 

15. Jacox, R. F. The activating effect of calcium on a 
bactericidal substance for Bacillus subtilis in 
human serum. J. Exper. Med., 92: 101, 1950. 

16. Jacox, R. F. and Gate, R. G. The reaction of hu- 
man serum with a quaternary ammonium salt: 
results of a serial study in acute rheumatic fever. 
J. Lab. & Clin. Med., 37: 728, 1951. 

17. Copurn, A. F., Moore, L. F. and Hanincer, J. 
Serum diphenylamine reaction in rheumatic fever. 
Arch. Int. Med., 92: 185, 1953. 

18. Zrecra, S. R. and Kuttner, A. G. Reappearance of 
abnormal laboratory findings in rheumatic fever 
patients following withdrawal of ACTH or corti- 
sone. Am. J. M. Sc., 222: 516, 1951. 

19. McEwen, C., Bunim, J. J., Batpwin, J. S., KUTTNER, 


Laboratory Aids in Diagnosis of Rheumatic Fever— Wood, McCarty 


A. G., Appe., S. B. and Kattan, A. J. The effect 
of cortisone and ACTH on rheumatic fever. 
Bull. New York Acad. Med., 26: 212, 1950. 

20. Srotterman, G. H., Guick, S., Pater, D. J., 
HirscHFeE pb, I. and Rusorr, J. H. Determination 
of C-reactive protein in serum as a guide to the 
treatment and management of rheumatic fever. 
Am. J. Med., 15: 645, 1953. 

21. Goop, R. A. Acute phase reactions in rheumatic 
fever. In: Rheumatic Fever: A Symposium. 
Edited by L. Thomas. Minneapolis, 1952. Uni- 
versity of Minnesota Press. 

22. Swirt, H. F., Witson, A. T. and LANnceFiE.p, R. C. 
Typing group A hemolytic streptococci by M 
precipitin reactions in capillary pipettes. J. Exper. 
Med., 78: 127, 1943. 

23. Keirey, V. C., Apams, F. H. and Goon, R. A. Serum 
mucoproteins in patients with rheumatic fever. 
Pediatrics, 12: 607, 1953. 


AMERICAN JOURNAL OF MEDICINE 


Evolution of Murmurs in Early 
Rheumatic Heart Disease’ 


ArIo ZILLI, M.D. and GioRGIO GAMNA, M.D. 
Chicago, Illinots 


of children with rheumatic fever develop 

cardiac murmurs during the stage of activ- 
ity. On the other hand, interpretation of these 
murmurs varies with different observers because 
it is sometimes difficult to decide whether a cer- 
tain murmur is due to ventricular dilation, acute 
inflammation of the valvular leaflets or valvular 
scarring. In the first instance, the murmur is 
caused by myocarditis; in the second, by active 


T is generally accepted that a high percentage 


endocarditis; in the third, by healing or healed 


endocarditis. 

An attempt to evaluate the significance of 
apical and pulmonic systolic murmurs was 
recently made by Luisada and Magri! through 
correlation of the clinical data with those sup- 
plied by phonocardiographic and electrokymo- 
graphic tracings. A more prolonged electro- 
cardiographic and’ phonocardiographic study 
was considered to be of interest. 


MATERIAL AND METHOD 


Forty-one patients between the ages of two and 
fifteen were repeatedly studied at La Rabida 
Sanitarium or Mt. Sinai Hospital. When dis- 
charged from either hospital the patients were 
followed on Home Service at La Rabida or at 
the Pediatric Cardiology Clinic at Mt. Sinai 
Hospital, or came to La Rabida for a special 
check-up. 

All patients were in their first rheumatic 
attack when first examined. The patients were 
followed for a period varying from several weeks 
to three years. Thirty-one patients recovered 
from the first attack during the period of observa- 
tion and showed no further recurrence or relapse. 
In three patients the process had a chronic 
evolution with short periods of apparent recovery 
and subsequent relapses. In seven patients the 


process was still in an acute phase at the end of 
the period of observation. All but five patients 
were treated with aspirin, hormones, or both. 

The evolution of the rheumatic process was 
studied through physical, electrocardiographic, 
roentgenologic and laboratory findings. A 
phonocardiogram was taken whenever there 
was either a clinical change (acute phase, 
recovery, stabilization, rebound, exacerbation) 
or a change in the auscultatory data. A minimum 
of two phonocardiograms was taken in every 
case; in most cases, three phonocardiograms 
were taken (acute phase, recovery, stabilization); 
in some, from six to eight phonocardiograms 
were recorded. 

The sound tracings were recorded by means of 
a Sanborn Twin-Beam with the patients in the 
supine position. The tracings were registered 
first with a stethoscopic, then with a logarithmic 
device, at a film speed of 75 mm./sec. When an 
aortic diastolic murmur was heard, a second 
logarithmic tracing with a membrane chest- 
piece was recorded at the base. The tracings 
were recorded over five different areas: apex, 
mid-precordium, pulmonic area, aortic area 
and tricuspid area (fourth intercostal space at 
the right of the sternum). When indicated, 
tracings of other areas were recorded. 

The intensity of murmurs in the tracings was 
graded empirically as loud, medium, faint and 
very faint. They were timed as systolic and 
diastolic. The diastolic murmurs were dis- 
tinguished by their pitch and by their timing 
(early diastolic, mid-diastolic, presystolic). When 
diastole was very short and a single murmur 
starting some time after the second sound 
occupied the rest of such phase, it was called 
mid-diastolic-presystolic. In general, a murmur 
was considered to have its point of origin where 
its intensity was greatest, and this seemed 


* From the Division of Cardiology of The Chicago Medical School and Mount Sinai Hospital and La Rabida Jackson 
Park Sanitarium, Chicago, Ill. This study was partly aided by a grant of the Chicago Heart Association. 
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usually true for murmurs related to the mitral 
valve. Aortic diastolic murmurs were frequently 
recorded best at the left of the sternum. 
Magnitude, configuration and type of vibra- 
tions allowed a division of the murmurs in five 
different types: in decrescendo, continuous 


TABLE I 
CONFIGURATION AND TYPE OF THE SYSTOLIC MURMUR OVER 
THE DIFFERENT AREAS IN CASES OF GROUP I 


At the 
Beginning At the End 
Areas | Type of Murmur 
No. | Total | No. | Total 
Apex Decrescendo 11 10 
Continuous 1 2 
Diamond-shaped = 2 
Musical 1 me 
Minimal (nonde- 
script) 7 6 
20 20 
Pulmonic | Diamond-shaped | 10 5 
Decrescendo 4 4 
Minimal (nonde- 
script) 5 6 
19 15 
Aortic Diamond-shaped 4 4 
| Decrescendo 5 4 
Continuous 2 2 
Minimal (nonde- 
script ) 7 6 
| | 18 16 
| 


systolic, diamond-shaped, musical and minimal 
(nondescript). 


RESULTS 


The evolution of murmurs in the tracings led 
to division of the patients into four groups. 

Group I: Systolic Murmur Present at the First 
Observation. ‘This group included twenty cases. 
The murmur was apical only in twenty, also 
pulmonic in nineteen, and also aortic in eighteen 
cases. A comparative study revealed that when- 
ever there was a systolic murmur in decrescendo 
over the pulmonic or aortic area, it was trans- 
mitted from the apex. 

The changes in magnitude and configuration 
of the vibrations of the systolic murmur during 
the period of observation are presented in 
Table 1 and Figures 1 to 3. 

A triple rhythm was present in ten cases at the 
first observation. It was due to increased loudness 
of the third sound in five cases (Fig. 1); to in- 


creased loudness of the fourth (atrial) sound in 
three; and to summation of both third and fourth 
sounds in two. It was present at the end of the 
observation in six cases because of a loud third 
sound. In one patient an opening snap of the 
mitral valve became apparent at the end of the 


TABLE I 
CONFIGURATION OF THE SYSTOLIC MURMUR OVER THE 
DIFFERENT AREAS IN CASES OF GROUP II 


| Rm At the End 
Areas | Type of Murmur 
No. Total | No. | Total 
Apex Decrescendo 11 4 | 
Continuous 1 4 
Minimal (nonde- 

script) 1 > | 

13 
Pulmonic | Diamond-shaped 9 a 
Continuous 
Decrescendo 1 | | 4] 
Minimal (nonde- | 
script) 1 | 

| 
Aortic Diamond-shaped | | 
Continuous sg 2 | 
Decrescendo 2 > | 
Minimal (nonde- | 
script) 1 2 | 

| | , 10 | 10 
| 


period while a mid-diastolic-presystolic rumble 
had appeared in another. 

Three patients had roentgenologic evidence of 
a slight cardiac enlargement at the time of the 
first observation. The only case in which the 
x-ray showed enlargement at the time of the 
last observation was the patient in whom a mitral 
opening snap developed. 

At the first observation the electrocardiogram 
showed a first degree a-v block in four cases and 
evidence of pericarditis in one. All tracings were 
normal at the last observation. 

Group II: Diastolic Apical Murmur Plus Various 
Systolic Murmurs Present at the First Observation. 
This group included thirteen cases. The systolic 
murmur was only apical in thirteen cases, also 
pulmonic or aortic in eleven. Changes in loud- 
ness and configuration of the systolic murmur 
during the period of observation are presented in 
Table 

The mid-diastolic or presystolic murmur was 
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present at the first observation in all thirteen 
cases; at the last observation, only in five cases. 
(Fig. 4.) A triple rhythm was present at the first 
observation in eight cases; at the last, in ten 
cases. It was due to increased loudness of the 
third sound in the majority of cases. 


| 


1A}. 


| 
| 


Fic. 1. at apex (stethoscopic). A, 
faint systolic murmur, triple rhythm (loud third sound). B, end of observation: 
louder systolic murmur, less evident third sound. 


Fic. 2. Phonocardiograms at apex (stethoscopic). A, beginning of observation: 
evident systolic murmur in decrescendo; poor intensity of first sound. B, end of 
observation: the murmur is less loud; the first sound is still of poor amplitude. 


In six cases the x-ray showed cardiac enlarge- 
ment at the beginning. At the end of the period 
the heart was of normal size in the patients 
whose apical diastolic murmur had disappeared. 
On the other hand, the heart was still enlarged in 
all but one case in patients still presenting the 
diastolic murmur. 

The electrocardiogram showed first degree 
a-v block at the first observation in three cases. 
At the end the electrocardiogram was negative, 
except in one patient who showed an intermit- 
tent Wolff-Parkinson-White syndrome. 

Group III: Apical Systolic and Aortic Diastolic 
Murmurs at the First Observation. This group in- 
cluded four cases. The systolic murmur was also 
present over the pulmonic and aortic areas. It 
increased at the apex during the course of the 
disease in one case; it decreased in another; and 
persisted unchanged in the other two. In all 
cases the pulmonic and aortic systolic murmurs 
remained unchanged during the entire observa- 
tion. (Fig. 5.) The changes in configuration of 
the systolic murmurs are presented in Table m1. 

A triple rhythm was present in three of the four 
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cases at the beginning, in two at the end. A 
mid-diastolic or presystolic murmur was present 
at the beginning in two cases, at the end in one. 
The high pitched, early diastolic aortic murmur 
in decrescendo, which was present at the first 
observation in all four cases, increased in loud- 


A, beginning of observation: 


TABLE I 
CHANGES IN THE CONFIGURATION OF THE SYSTOLIC MURMUR 
OVER THE DIFFERENT AREAS 


| i 
Atthe 
Beginni At the End 
Area Type of Murmur 
No. | Total | No. | Total 
Apex Decrescendo 2 2 
Minimal (nonde- 
script) 2 2 
4 
Pulmonic | Diamond-shaped 4 4 
4 4 
Aortic Diamond-shaped 3 3 
Minimal (nonde- 
script) 1 1 
4 4 


ness in two and decreased or was unchanged at 
the last observation in the other two cases. 

The x-ray showed cardiac enlargement in one 
case at the beginning, in two cases at the end. In 


| | 
| | ae 
| | | | 
ind 
ft) 
| 
| 
| | 
dad 
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one of these the rheumatic process was still 
active at the end. A first degree a-v block was 
present in the electrocardiogram in two Cases at 
the beginning and disappeared at the end. In 
the patient who was in an active stage and 
showed cardiac enlargement, a first degree a-v 


Fic. 3. Phonocardiograms over pulmonic area (stetho- 
scopic) (same calibration). A, beginning of observation: 
large sounds; splitting of the second sound; faint systolic 
murmur. B, end of observation: no murmur, smaller 
sounds; no splitting. 


block was present at the end. Three cases were 
treated with aspirin and one with cortisone. 

Group IV: Minimal Systolic Murmur Either 
Diffuse or Localized. This group included four 
cases. The murmur was recorded either at the 
beginning or at the end of the observation period. 
The x-ray taken at the beginning revealed a 
prominent pulmonary artery in one of them. 
The electrocardiograms were negative both at 
the beginning and at the end of the period of 
observation. 


DISCUSSION 


Most of the patients of Group I presented a 
diffuse systolic murmur at the first observation. 
The apical murmur was in decrescendo, con- 
tinuous or musical (regular vibrations) in four- 
teen cases; it was minimal and nondescript 
in the others. These graphic characteristics 
indicated that it was a mitral regurgitant murmur in 
all cases. The pulmonic and aortic murmurs, on 
the other hand, were diamond-shaped only in 
some of the cases, of various configuration in the 
others. As the basal systolic murmur caused by 
stenosis is diamond-shaped, *~‘ it is apparent that 


about one-third of the basal murmurs were 
transmitted from the apex, a fact which is more 
common in children than in adults. 

At the end of the period of observation the 
apical systolic murmur had decreased or disap- 
peared in one-half of the cases (Fig. 2) and had 
increased in the other half. (Fig. 1.) It is logical 
to conclude that the apical systolic murmur 
initially observed was due to dilatation of the 
mitral ring or stretching of the papillary muscles 
caused by carditis (relative mitral insufficiency), 
while that observed after disappearance of 
rheumatic activity was due to an already estab- 
lished mitral lesion (organic insufficiency). 

The pulmonic systolic murmur, not transmitted 
from the apex, was present in about one-half 
of the cases at the beginning, in one-fourth of 
the cases at the end. This confirms the previous 
impression of Luisada and Magri' that a pul- 
monic systolic murmur of local origin is more 
common in the early than in the later stages of 
rheumatic activity. Two explanations can be 
advocated, dynamic dilation of the pulmonary 
artery (fever, increased pulmonic pressure or 
flow) or organic dilatation of this vessel (rheu- 
matic arteritis). 

The aortic systolic murmur, not transmitted 
from the apex, was present in about one-fifth of 
the cases both at the beginning and at the end. 
Therefore, it is logical to explain this murmur as 
evidence of an organic stenosis of the aortic valve 
which started early in the course of the disease. 

A triple rhythm (gallop rhythm) was present in 
about one-half of the cases at the beginning; in 
about one-third at the end. The connection be- 
tween tachycardia, ventricular strain and triple 
rhythm is too well known*:‘ to need discussion. It 
should be emphasized that this triple rhythm, 
previously noted by others,*® is the result of 
carditis and that it is frequently mistaken, upon 
auscultation, for a mid-diastolic murmur. 

The patients of Group II, in addition to sys- 
tolic murmurs similar to those of Group I, also 
had an apical diastolic or presystolic rumble. 
While at the first observation this murmur was 
present in all thirteen cases, at the last observa- 
tion it was present only in five cases, a decrease of 
nearly two-thirds. All these were severe cases; 
most of them were treated with ACTH or 
cortisone; several presented evidence of conges- 
tive failure. The most logical explanation is that 
of a low pitched murmur caused by “relative 
mitral and tricuspid stenosis,” i.e., ventricular 
dilation. This explanation was first advanced 
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following auscultatory studies’:* and was further 
demonstrated on the basis of graphic evidence.*:'” 
In those instances in which no cardiac enlarge- 
ment was demonstrated, edema of the mitral 
leaflets may be suggested as an alternative 
explanation. 


| 
| 
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gross evaluation of the intensity of a murmur 
through electric and clinical calibration.'' Al- 
though this evaluation is not altogether exact, 
it is far more accurate than clinical evaluation 
which may mistake changes in the pitch of the 
murmur for changes of intensity.'* (3) It gives 


| 


presystolic murmur and systolic murmur in decrescendo. B, two months later: 
greater intensity of systolic murmur; mid-diastolic murmur with large vibrations. 
C, end of observation: visible, long, systolic murmur; disappearance of the diastolic 


murmurs. 


Fic. 5. Phonocardiograms over the pulmonic areas (logarithmic). A, beginning of 
observation: systolic murmur, early diastolic murmur in decrescendo (of aortic 
origin). B, end of observation: both the systolic and the diastolic murmur have a 


greater intensity. 


The patients of Group III had both apical 
and basal systolic murmurs and an aortic 
diastolic murmur. The latter persisted in two of 
the four cases, was unchanged in one and in one 
case had decreased at the end of the period of 
observation. This murmur was undoubtedly 
caused by aortic insufficiency. On the other 
hand, it is well known that an aortic diastolic 
murmur, present during the active rheumatic 
stage, may disappear later. Any explanation of 
this phenomenon would be purely speculative. 

The patients of Group IV had a minimal 
systolic murmur and it was impossible to local- 
ize the valve responsible for the murmur. 


COMMENTS 


In comparison with auscultation, phonocardi- 
ography presents the following advantages: 
(1) It gives objective proof of the existence of 
murmurs, extra-sounds, or both. (2) It allows a 
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a picture of the “‘shape”’ and “aspect” of the 
murmur (crescendo, decrescendo, continuous, 
diamond-shaped, musical) thus pointing out the 
most likely valvular source of origin. (4) By 
confirming the complete disappearance of a 
murmur, it reveals that the latter was caused by a 
muscular (myocarditis) and not a valvular 
(endocarditis) lesion. 

The present study revealed that the mitral 
systolic murmur decreased or disappeared in 
about one-half of the cases (Groups I and II) 
while it was unchanged or was louder in the 
other half. This was considered evidence that the 
murmur was either completely or largely 
“myocardial” in the first half of the cases. How- 
ever, moderate involvement of the mitral leaflets 
may not be revealed by murmurs" and it is 
therefore possible that some of these patients 
actually had a healed valvular lesion at the end 
of the period of observation. 


| | 
ae Pit 
4A) | | 
| | | 
| | | | 5A 
4B | | 
| 
4C | | 
| ae | 
| 
Fic. 4. Phonocardiograms at apex (stethoscopic). A, beginning of observation: 
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In the patients of Group II the diagnosis of 
mitral stenosis caused by previous attacks was 
considered established until disproved by the 
clinical course. The phonocardiogram revealed 
certain typical features of the murmur which in- 
dicated it to be due to a “relative stenosis.”’* In 
most cases these features were: large amplitude 
of the vibrations, wide area of recording, and 
beginning of the murmur with a loud third 
sound. In two-thirds of the cases phonocardio- 
grams revealed subsequent complete disappear- 
ance of the murmur, thus confirming its 
‘‘functional”’ nature. 

The four patients of Group III also had an 
aortic diastolic murmur which decreased at the 
end of the period of observation only in one. 
This confirms the clinical impression that aortic 
diastolic murmurs are seldom transient, al- 
though the possibility of disappearance of such 
murmurs should be admitted. 


SUMMARY 


A clinical and phonocardiographic study was 
made in forty-three patients at the first attack of 
rheumatic fever and was repeated until either 
recovery or a definite chronic course was 
evident. 

The patients were divided into four groups: 
(1) Those who had only systolic murmurs at 
the first observation. This group included twenty 
Cases; murmurs were present at the apex, pul- 
monic and aortic areas for the most part. The 
murmurs decreased or disappeared in about one- 
half of the cases; they increased in the other 
half. About one-third of the basal systolic mur- 
murs were proved to be transmitted, while 
two-thirds were of aortic or pulmonic origin. A 
significant pulmonic systolic murmur was pres- 
ent in one-half of the cases at the beginning, in 
about one-fourth at the end. A significant aortic 
systolic murmur was present in one-fifth of the 
cases both at the beginning and at the end. 
(2) Those who had both a systolic murmur and 
a diastolic rumble at the apex at the first 
observation. These were all severe cases. At the 
end of the period of observation nearly two- 
thirds of the patients showed no further evidence 
of the diastolic rumble. (3) Those who had an 
apical systolic and an aortic diastolic murmur 


at the first observation. The aortic diastolic 
murmur subsequently decreased in one case; it 
persisted or increased in the others. (4) Those 
with minimal, diffuse murmurs. 

Among other points discussed are: (1) the 
advantage of using phonocardiographic docu- 
mentation for the study of rheumatic patients, 
(2) the frequency of triple rhythm, and the 
pathogenetic mechanisms involved; (3) the 
mechanism of production of the various mur- 
murs, and the possibility of distinguishing a 
diastolic rumble due to “‘relative”’ stenosis from 
one caused by organic mitral stenosis. 
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Recent Advances in the Diagnosis of 
Rheumatic Heart Disease’ 


A. LUuISADA, M.D. 
Chicago, Illinois 


IAGNOSIS in rheumatic heart disease in- 
cludes recognition of the etiology of the 
process and evaluation of myocardial, 

endocardial and pericardial lesions. It also 

includes evaluation of possible lingering activity 
of the rheumatic process. 

The diagnostic problem can be summarized 
by the following questions: (1) Is the patient a 
rheumatic? If so, when did the first episode of 
rheumatic fever take place; were there subse- 
quent acute episodes? (2) Has there been any 
myocardial damage? Is there any evidence of 
active rheumatic myocarditis? (3) Has there 
been any pericardial lesion? If so, what was its 
importance? (4) Is there any valvular damage? 
Which are the damaged valves? How can we 
evaluate the severity of each lesion? 

These questions will be discussed in the same 
order, and emphasis will be placed on recently 
developed diagnostic procedures which may help 
in finding an answer. 

Is the patient a rheumatic? This first question 
can often be answered by the history and physi- 
cal examination of the patient. A clear-cut 
history of rheumatic fever many years before the 
examination plus the physical finding of one or 
more murmurs represent positive and definite 
evidence. However, the following points should 
be kept in mind: (1) The patient may not be 
aware of ever having had rheumatic fever 
(actually, a large percentage of the cases of 
mitral stenosis have a negative history). (2) An 
episode which took place during infancy and was 
called rheumatic fever may actually have been 
an arthritis of different nature or an infection. 
(3) Even though rheumatic fever is most com- 
mon between six and twenty years of age, it may 
occur at any age. Cases in young children are 
being reported in greater number,’ as are cases 
in the aged.* As evaluation of the murmurs is 
sometimes difficult, there are cases in which an 


etiologic diagnosis should be deferred until a 
complete study of the patient has been made. 

Has there been any myocardial damage? Is there 
evidence of active rheumatic carditis? When the 
patient has a positive history of rheumatic fever 
and was repeatedly observed, the old records— 
in particular the electrocardiograms—may an- 
swer this question. Prolongation of the P-R or 
Q.-T interval,' bundle branch or intraventricular 
block, polyfocal extrasystoles, episodes of tachy- 
cardia from an ectopic focus, atrial flutter or 
fibrillation, occurrence of A-V or S-A blocks, all 
are evidence of severe carditis. Myocardial 
damage may be revealed by minor changes of 
the electrocardiogram, in particular by a P-R 
interval of excessive duration or by slurring of 
QRS. 

Evidence of rheumatic carditis can be deduced 
in four ways: (1) By observation of recent 
electrocardiographic changes (long P-R, long 
Q-T, or indications of increased excitability or 
block); (2) by laboratory tests (leukocytosis, 
anemia, C-reactive protein, high sedimentation 
rate); (3) by the appearance or intensification 
of murmurs confirmed by phonocardiography 
or by roentgenologic evidence of gradual enlarge- 
ment of the heart; (4) by the occurrence of 
congestive failure, especially if in a young indi- 
vidual or if not explained by previous history 
of unusual strain, infection or coronary occlusion. 

If it is concluded that the patient is a rheu- 
matic subject, had myocardial damage and that 
there is a process of active rheumatic carditis, 
treatment should be chiefly directed against the 
inflammatory process (cortisone, salicylates). 
Oxygen, digitalis, mercurials and diamox® 
should be used only as adjuvants and only if 
there is heart failure. 

Has there been any pericardial lesion? If so, what ts its 
importance? History of a friction rub at any age 


or recollection of precordial pain (in the young) 
* From the Division of Cardiology, The Chicago Medical School and Mount Sinai Hospital of Chicago. 
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coinciding with an acute episode of rheumatic 
fever can be taken as evidence that the peri- 
cardium was involved during the acute stage 
of the disease. Electrocardiographic patterns 
indicating pericarditis are also evidence of this 
involvement. However, a careful differential 
diagnosis between the patterns of myocardial 
and pericardial damage is sometimes necessary. 

In general, rheumatic pericarditis heals with- 
out extensive adhesions but may leave bands of 
fibrotic tissue which do not cause constriction. If 
there is a diffuse adhesive pericarditis, this 
usually develops at a stage in which the heart 
is large, and fails to reduce the cardiac volume 
by corfstriction. However, cases of rheumatic 
constrictive pericarditis have been reported. 

String-like adhesions may aggravate the 
clinical picture if located around the large veins 
and diffuse pleuropericardial sinechia may also 
contribute to dyspnea or hepatic engorgement. 
Crunching sounds or snaps may be caused by 
pericardial adhesions as early as a few months 
after the acute episode. This possibility should be 
known in order to differentiate them from 
diastolic gallop sounds or murmurs. 

Is there any valvular damage? ‘This question, 
which until a decade ago was answered in the 
affirmative if murmurs were present, needs fur- 
ther qualification and discussion. 

1. Children and adolescents may present 
systolic murmurs which have been the object of 
several investigations. While one school of 
thought considers that all “‘musical’’ or ‘“‘sea- 
gull cry’’ murmurs are “‘innocent’’ and do not 
indicate a valvular lesion,*~* the author and his 
co-workers’:® have emphasized the frequency of 
‘musical’? pulmonic murmurs in rheumatic 
children and noticed their disappearance (both 
by auscultation and phonocardiography) during 
the evolution of the disease. Pending the results 
of a current clinical, graphic and roentgenologic 
study in children of school age,’ it would be 
advisable to consider that systolic murmurs may 
be caused by obsolescent rheumatic carditis, 
increased pulmonic flow (congenital heart dis- 
ease) or anemia. In all three instances, even 
though a non-valvular mechanism is the cause of 
the murmur, this is certainly not “innocent.” 
The author therefore suggested abandonment of 
the term “functional murmur” as misleading 
and to adopt instead that of “murmur of un- 
known origin.’’!° 

On the other hand, when a systolic apical 
murmur has been recognized as caused by 
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rheumatic carditis, several pathogenetic mecha- 
nisms may be involved, as proven by an electro- 
kymographic study.‘ The problem then to be 
solved is whether the murmur indicates muscular 
or valvular damage, and it is often difficult to 
evaluate the severity of damage which might be 
present at a later date. 

2. An apical diastolic murmur always has 
a serious meaning. However, it should not be 
too lightly admitted as evidence of mitral steno- 
sis. An apical mid-diastolic murmur may be 
simulated by diastolic extra-sounds (usually a 
loud third sound)*:'!:'? and a presystolic murmur 
may be simulated by a crescendo-type first 
sound.'?-'® These auscultatory illusions are 
easily recognized by means of phonocardiog- 
raphy.'*.'!6 Mid-diastolic or presystolic murmurs 
may be caused by acute rheumatic carditis and 
are probably due to “relative” mitral or tri- 
cuspid stenosis (dilatation of either ventricle).” 
Phonocardiography frequently permits recogni- 
tion of the functional nature of these murmurs, 
and exclusion of organic mitral stenosis.'? On the 
other hand, mitral stenosis should not be ex- 
cluded simply because of the early age of the 
patients. 

When acute rheumatic carditis has been 
excluded as a cause of murmurs, and established 
valvular lesions are considered present, the next 
problem is to localize the site of valvular damage. 
This problem is far more complex than the 
others. It has become even more important in 
the last few years because an accurate structural 
diagnosis is needed before considering surgical 
repair. 


MITRAL VALVE LESIONS 


Mitral valvular lesions without damage to 
other valves are common in rheumatic heart 
disease. It is likely that during life mitral 
stenosis is always accompanied by some degree 
of insufficiency even though this may be minimal 
or hemodynamically insignificant. Mitral in- 
sufficiency, however, may exist without mitral 
stenosis. Therefore, differential diagnosis should 
be made between (1) mitral insufficiency, (2) 
mitral insufficiency and stenosis and (3) mitral 
stenosis (with insignificant insufficiency). The 
large number of technical methods which were 
applied to the solution of these problems requires 
a systematic listing. A more detailed description 
can be found in a comprehensive work of the 
author.'® 
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Physical Examination. Low Frequency Tracings: 
Physical examination (inspection, palpation) 
supplies data which may be confirmed by low 
frequency tracings of the precordium.'*'*'* 
Severe mitral stenosis with little insuffict is 
revealed by a heaving pulsation of the central 
area of the precordium and of the epigastrium.'® 
The low frequency tracing shows a positive 
pulsation of the left sternal region’’ and of the 
epigastrium'* during systole, while the apex 
has no pulsation or shows a systolic depression.'* 
These findings are due to right ventricular 
hypertrophy, with frequent clockwise rotation of 
the heart around its longitudinal axis. Severe 
mitral insufficiency is revealed by a heaving apical 
thrust. The latter is displaced downward and to 
the left on account of left ventricular hyper- 
trophy. The low frequency tracing shows a high 
positive wave at the apex and a negative pulsa- 
tion at the epigastrium.'*® The association of severe 
mitral insufficiency and stenosis gives less distinctive 
signs. 

Auscultation. Phonocardiography: Auscultation 
may supply useful diagnostic signs. However, 
several causes of error inherent in the mechanism 
of audition indicate the need for graphic trac- 
ings. The most reliable, in the author’s view, is a 
‘“*stethoscopic”’ tracing which gives a more 
accurate reproduction of those vibrations (be- 
tween 10 and 50 per second) which are poorly 
heard.”° 

Severe mitral stenosis is revealed by well known 
auscultatory characteristics during diastole 
(opening snap; mid-diastolic murmur; pre- 
systolic murmur; snapping, loud and delayed 
first sound at apex; split second pulmonic 
sound). However, several causes of error are 
possible: Mitral insufficiency may be the cause of 
either a triple rhythm (gallop) or a “relative 
mitral stenosis” because of increased left atrial 
pressure and left ventricular enlargement. 
Phonocardiographic tracings may clarify the 
diagnosis in most cases.'*'"© The murmur of 
‘relative stenosis” usually has a large amplitude, 
starts late in diastole with a loud third sound and 
can be recorded over a large area of the pre- 
cordium. Moreover, the first sound is delayed 
over QRS of the electrocardiogram in organic 
mitral stenosis*'-??:*° whereas it bears a normal 
relationship in ‘relative’ mitral stenosis.'® 
The interval between the Q wave of the electro- 
cardiogram and the largest vibration of the first 
sound (Q-1 interval) has a typical variability in 
cases of mitral stenosis with atrial fibrillation, 
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as shown by the author’’ and confirmed by 
others.”!:??:3°.38 This variability is absent unless 
there is narrowing of the mitral valve. The 
opening snap of the mitral valve also has a 
certain importance. It has been stated that an 
opening snap excludes severe mitral insufh- 
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Fic. 1. Scheme of the sound tracing (Phono), apex 
cardiogram (Card), and electrocardiogram (Ecg) in 
severe mitral stenosis with sinus rhythm. The opening 
snap (os) coincides with the lowest point of the cardio- 
gram; delay of first sound. 


Fic. 2. Scheme of the sound tracing (Phono), apex 
cardiogram (Card), and electrocardiogram in a case of 
mitral insufficiency with “relative” or “functional” 
mitral stenosis. The third sound coincides with the 
wave of rapid filling of the cardiogram; no delay of 
first sound. Compare this with Figure 1. 


ciency,”* and indicates that the leaflets are still 
mobile.** However, absence of the opening snap 
in a case with a typical diastolic rumble at the 
apex may be due to extensive calcification of the 
leaflets.”* (Figs. 1 and 2.) 

If it is true that the pressure gradient across the 
mitral orifice is the main factor which determines 
the duration of the Q-1 and 2-OS intervals,* 
the severity of mitral stenosis might be evaluated 
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by plotting the R-R interval against the former 
two intervals.?”» It has been stated*” that if Q-1 
minus 2-OS is over —1, mitral stenosis is 
severe; whereas if it is below —1.5 the orifice is 
larger than 1 by 1 cm. and valvulotomy should 
not be considered. This statement needs 
confirmation. 

Absence of a diastolic rumble in cases of mitral 
stenosis is possible.** In general, this absence is 
temporary and takes place in patients with atrial 
fibrillation and either a very rapid or a very 
slow ventricular rate. Usually, moderate exer- 
tion brings out the typical murmur. In cases of 
“silent” mitral stenosis the phonocardiogram 
usually reveals one or more of the following 
findings: (1) an opening snap; (2) alow-pitched 
(inaudible) diastolic rumble; (3) a delayed first 
sound; (4) a variable interval between QRS 
and first sound (atrial fibrillation). 

Severe mitral insufficiency is revealed by a loud 
(grade 3 or 4) apical systolic murmur with 
typical transmission toward the left axilla and 
the back, and poor transmission toward the 
right side of the precordium. This murmur is 
usually soft and not accompanied by a thrill. 
Exceptions are possible and rare cases with a 
harsh systolic murmur and a thrill have been 
observed by the author. The phonocardiogram 
reveals a systolic apical and mid-precordial 
murmur which, in the experience of the author, '® 
is either in decrescendo or, more seldom, all- 
systolic. A systolic murmur in crescendo is excep- 
tional, although considered the rule by others.”* 
A differentiation from certain types of congenital 
heart diseases is usually possible because the 
latter have a more centrally located systolic 
murmur with lesser transmission toward the 
axilla and greater spread toward the right side 
and the base. The murmur of congenital heart 
disorders is made up of coarser vibrations and is 
either all-systolic (ventricular defects) or dia- 
mond-shaped (atrial defects, pulmonic stenosis). 
Mitral insufficiency unaccompanied by stenosis 
always is associated with a systolic murmur the 
intensity of which, however, is not proportional 
to the severity of the defect. 

Mitral stenosis plus insufficiency frequently is 
associated with a systolic murmur in addition to 
the diastolic rumble. However, the systolic mur- 
mur may be absent even when mitral insuffi- 
ciency is proven by electrokymography (v. seq.) 
or surgery.** The first sound of patients with 
insufficiency and stenosis maintains a constant 
relationship to the QRS of the ECG whenever 
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there is atrial fibrillation, in contrast with cases 
with pure stenosis. *° 

Electrocardiography-Vectorcardiography. The 
electrocardiogram of mitral valve defects is 
modified by several factors, chiefly dilatation or 
hypertrophy of either ventricle or of the left 
atrium, and fibrosis of the conducting system or 
of the atrial or ventricular myocardium. The 
electrocardiogram of mitral stenosis has been 
considered typical for a long time. The following 
changes are undoubtedly common: (1) P wave 
changes consisting of high and notched P; and 
diphasic P; and PV;. When P is diphasic, a low 
initial positive phase followed by a deep, broad, 
negative phase in the right precordial leads, 
would indicate left atrial enlargement. On the 
other hand, a high, initial, positive phase and a 
narrow, small negative phase would indicate a 
severe increase of right heart pressures (right 
atrial pattern). Direct, unipolar leads of the 
two atria have revealed high P wave voltage and 
increased delay of the left atrial complex over 
the right (0.05 instead of 0.03); this delay is 
greater when the left atrial myocardium is 
damaged.*! (2) Tendency toward right axis 
deviation and evidence of right ventricular 
hypertrophy. The latter is grossly proportional 
to right ventricular pressure.**? (3) Occurrence 
of atrial premature beats or atrial fibrillation: 
(4) possible occurrence of right bundle branch 
block or intraventricular block. 

The vectorcardiogram affords more distinct 
differentiation of the various causes (rotation, 
hypertrophy, block) of the ventricular pattern of 
mitral stenosis. ** 

Mitral insufficiency: The electrocardiogram in 
mitral insufficiency shows left axis deviation in 
about one-third of the cases,** never right axis 
deviation. Electrical evidence of left ventricular 
hypertrophy is present in one-half of the cases.** 
The P waves usually have a normal voltage and 
there is no abnormal pattern. Ventricular 
extrasystoles may be present.** 

Cases with both stenosis and insufficiency present 
the picture of the predominant defect. Thus left 
ventricular hypertrophy may confirm the pres- 
ence of associated insufficiency in cases with 
auscultatory findings typical of stenosis (an 
associated aortic lesion should be excluded). 

Ballistocardiography. Many patients with rheu- 
matic heart disease and apical murmurs have 
normal ballistocardiographic patterns. Others, 
though free of symptoms, show an increase of 
respiratory variations and large H, L or N 
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waves.** No typical pattern seems to exist in 
‘“‘pure’”’ mitral stenosis except for decreased 
amplitude of the HI waves, without change of 
the JK segment.* A significant change has been 
repeatedly described in the systolic complex.**-*" 
It consists of the appearance of a new, large 
wave in early systole prior to J, simulating 
alterations of the G and I waves. This new head- 
ward wave has been interpreted as caused by a 
systolic, regurgitant jet into the left atrium and 
would therefore indicate the presence of mitral 
regurgitation. 

Pressure Tracings. Interpretation of pressure 
tracings from the left atrium requires a clear 
understanding of the normal pressure curves of 
the atria and ventricles and of their possible 
changes in mitral valve diseases. The normal 
atrial tracing consists of a small presystolic, posi- 
tive wave (a wave due to atrial contraction): 
a deep systolic collapse (traction by the ventricle 
over the a-v floor); and a gradual, late systolic 
rise culminating in a peak which coincides with 
the early diastolic opening of the mitral valve 
(v wave due to gradual filling of the atrium). 
Mitral stenosis increases the height of the pre- 
systolic wave (left atrial hypertrophy) and that of 
the early diastolic wave (higher filling pressure). 
Mitral insufficiency gives an entirely different 
pattern consisting of a rectangular plateau. This 
is due to the fact that the left ventricle and the 
left atrium are in communication during ven- 
tricular systole, and the plateau pattern is 
typical of tracings from the ventricle because a 
sustained effort of the ventricular myocardium 
keeps the pressure at an even level during most 
of systole.* For this reason, a plateau pattern in 
tracings of the left atrium (intracardiac pressure, 
esophageal pressure, electrokymogram) is the 
direct result of insufficiency. A rounded wave in 
systole may also be the result of regurgitation 
but is less typical unless the left ventricle is 
failing. (Figs. 3 and 4.) 

Pressure tracings of the left atrium have been 
recorded by means of a needle introduced 
through the appendage during cardiac surgery,*® 
through the left main bronchus,*:*'* from the 
suprasternal fossa** or from the right side.*'* 
These tracings reveal that in “pure’’ mitral 
stenosis a steep, oblique line forms the ascending 


* This pattern may be distorted by inadequate trans- 
mission (catheters) or inaccurate recording apparatus. It 
can be found in experimental tracings from the left 
ventricle and in the best tracings from the right ventricle 
of man. 
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branch of the “‘v’’ wave, while the presence of 
mitral regurgitation is revealed by a systolic 
plateau. 

Pressure tracings of the left ventricle have also 
been recorded by introducing a catheter through 
a needle previously placed into the left atrium.*” 
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Fic. 3. Superimposed tracings of left atrial and ven- 
tricular pressures in man. The phonocardiogram 
(Phono) gives the timing of the waves. 
Comparison of left atrial with left ventricular 
tracings may be helpful in evaluating the degree 
of mitral insufficiency and stenosis. 
Esophagocardiograms. Typical patterns have 
been described in mitral insuffictency.:** More 
recently, different types of tracings have been 
studied. The configuration of the eosphageal 
pulse was studied by means of tambours,*~* 
through pressure tracings from the esophagus, ** 
or both.**:*° Interpretation of the tracings is not 
uniform. Some believe that a typical plateau 
wave* in systole indicates mitral insufficiency 
while others consider more typical a rounded 
wave” or a late systolic peak superimposed 
upon a plateau.** The disagreements are mostly 
caused by the fact that cases of “‘clinically”’ pure 
mitral stenosis may present a plateau wave, 
which has led some to believe that the esophago- 
cardiogram supplies data of diagnostic value 
in mitral insufficiency but not in mitral stenosis 
(with or without insufficiency).* 
A conclusion which can be accepted*? is that: 
(1) the esophagocardiogram shows a typical 
* The diagnostic significance of a plateau-wave has 
been already discussed (see pressure tracings). 
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pattern in mitral insufficiency; (2) this pattern 
is frequently found in cases of mitral stenosis 
even though sometimes no regurgitant jet 
is felt by the surgeon;* and (3) that efforts to 
quantitate mitral regurgitation by the esophago- 
cardiogram are somewhat disappointing. Still, 


Ist 2nd 


Phono. 


the most critical investigators consider the 
esophagocardiogram superior to fluoroscopy in 
evaluation of the systolic expansion of the left 
atrium caused by regurgitation. 

Roentgenology. Roentgenology permits recog- 
nition of two different pictures: that of mitral 
insufficiency with enlarged left atrium and left 
ventricle, and that of mitral stenosis with enlarged 
left atrium and right ventricle. While these 
abnormalities are clearly recognizable in “‘pure”’ 
disturbances of function of the mitral valve, the 
degree of associated insufficiency cannot be 
accurately estimated in cases of mitral stenosis. 

Enlargement of the left atrium cannot be 
demonstrated in a certain number of cases of 
mitral stenosis by either fluoroscopy or esoph- 
agogram, even though it is present.*' On the 
other hand, such enlargement may be absent.®*?-** 
The contrast between large hilar vessels and clear 
lung fields has recently been interpreted as 
indicating severe pulmonary vasoconstriction 
with high pulmonary arterial pressure.** 

Systolic expansion of the left atrium was 
recognized on fluoroscopy a long time ago and 
accepted as evidence of mitral regurgitation. 
However, this observation is not possible (1) if 
there is severe tachycardia or arrhythmia or 

* This diagnostic sign will be evaluated subsequently. 
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(2) if the atrial border is not clearly visualized 
because of extreme enlargement or super- 
imposition of extracardiac shadows. There is 
general agreement that the greatest enlarge- 
ment of the atrium is usually found in mitral 


regurgitation. 
Ist 2nd 


Fic. 4. Left atrial tracings (electrokymogram or esophageal tracing). A, normal 
tracing; B, severe mitral regurgitation. This tracing resembles one of ventricular 
pressure with addition of one of atrial pressure (compare with Figure 3). The re- 
sultant is a characteristic plateau. 


Roentgenkymography. ‘Thorough observations 
have been made both in mitral insufficiency and 
stenosis.*® A pattern of expansion was noted over 
the left atrial border in many cases of mitral 
valve lesions with or without a systolic murmur.** 
However, this pattern was most typical and 
constant in severe mitral regurgitation. The 
technical limitations of the method do not allow 
good visualization of the waves in all cases. The 
possibility of roentgenkmyographic differentia- 
tion between mitral stenosis and mitral stenosis 
with insufficiency was recently claimed.*® 

Electrokymography. ‘This new method of in- 
vestigation was perfected between 1945 and 
1948.°*—** It suffers from some of the anatomic 
limitations of roentgenkymography but its 
technical limitations are far less. In particular, 
the possibility of amplifying at will the amplitude 
of the waves without decreasing the accu- 
racy of the tracing is a great advantage over 
roentgenkymography. 

A first study of the border tracings of the left 
atrium in mitral valve lesions was made in 
1948.®© A typical pattern consisting of a systolic 
plateau was described and attributed to mitral 
regurgitation. Changes of the atrial, presystolic 
wave were also described in mitral stenosis. As the 
plateau pattern was present even in cases with- 
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out a systolic murmur, it was concluded that the 
auscultatory and phonocardiographic findings 
were less revealing than those of electrokymog- 
raphy. This conclusion was similar to that 
previously reached by others working with 
roentgenkymography®® and was subsequently 


Ist and 


3. The tracings should be recorded at a high 
film speed (75 or 100 mm./sec.) in order to 
spread the waves and to permit accurate timing 
(best timing by comparison with a sound trac- 
ing). Normal persons occasionally present one 
or two tracings with a positive wave in systole 


2nd 


Fic. 5. Relationship of the electrokymographic plateau pattern to ventricular 
systole. A, predominant insufficiency = early plateau; B, predominant 


stenosis = late plateau. 


confirmed by several authors.*'~** In general, 
these authors agreed that an atrial tracing with a 
plateau pattern was indicative of rheumatic 
heart disease with mitral valve lesion but was 
so common in such patients that it could not be 
used for selection of candidates for surgery (this 
point will be discussed subsequently). A few 
others considered the method with skepticism 
because they found a similar plateau pattern in 
normal This statement, which 
does not coincide with the findings of the author, 
was refuted by a subsequent study’® in which 
the technical causes of error were explained in 
detail. 

Having systematically studied patients with 
mitral valve lesions for the last eight years, we 
can add some personal data to those previously 
published: 

1. The left atrium should be studied in several 
projections: (a) left oblique (two tracings); 
(6) right oblique (two tracings); (c) right lateral 
(two tracings). To these should be added a 
densogram in the right lateral projection and, 
if possible, a tracing of the left atrial appendage 
in the postero-anterior position. Thus eight 
tracings should be recorded. 

2. Calibration should be made in every trac- 
ing so that relative evaluation of the magnitude 
of the waves can be accomplished. 
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due to superimposition of pulsating vessels. 
However, the rise of the wave is gradual and 
there is a dicrotic wave in diastole. Those trac- 
ings can be easily recognized. The typical pattern 
of regurgitation is that of a plateau (sometimes 
with superimposition of a slight depression on 
top due to lowering of the a-v floor in systole). 
Patients with mitral stenosis and high pressure 
in the left atrium have an earlier filling which 
may be revealed by a rise of the curve during the 
latter part of systole. Whenever the tracings 
show in several projections (a) a rise during 
early systole, (6) a flat top and (c) a drop in 
early diastole without rebound, the presence of 
mitral regurgitation should be admitted. A 
subsequent step consists of evaluating the sever- 
ity of this disturbance. A first possibility is 
supplied by calibration which permits one to 
quantitate, even though approximately, the 
amplitude of the waves. One calibrating device 
has been described,®* another is presently in 
use in. our laboratory. A second possibility is 
based on the study of the time of appearance of 
the plateau, as proven by a current investigation 
in our laboratory*! based on the study of eighty- 
two cases of mitral valve lesion. Of these, sixteen 
were operated on and a comparison could be 
made between preoperative EKY, postoperative 
EKY, and findings of the surgeon. In two other 
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cases death occurred and the autopsy findings 
were compared with the EKY data. By analogy 
with observations of others in venous types of 
tracings, ** it was considered that the time of onset 
and termination of the plateau could be used for 
diagnosis, a late appearance being indicative of 
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However, it should be explained by increased 
motion of the strongly contracting appendage 
and not by increased magnitude of emptying. 
This survey of the electrokymographic data 
should be concluded with a note concerning the 
diagnosis of mitral insufficiency made during 


TABLE 
COMPARISON OF ELECTROKY MOGRAPHIC, SURGICAL AND AUTOPSY FINDINGS 
Diagnosis at 
Diagnosis at Surgery Autopey 
Preoperative EKY Pattern No. of sere eprom Postoperative EKY 
Cases : ; Pattern, No. of Cases 
Mitral Mitral 
Mitral Mitral St plus | St 
Stenosis Insufficiency 
| Insufficiency Insufficiency | 


| 

| 

Late plateau (predominant| 13 ee 
stenosis) | 
Early plateau (predominant 5 


insufficiency ) 


| 


2 | s 5 (of 5 observed) showed 
| | earlier plateau 
| 2 2 (of 2 observed) showed 


| earlier plateau 


narrowing of the valve. It was observed that 
cases in which all clinical data were in favor ofa 
severe mitral stenosis had a delay in the begin- 
ning of the plateau (more than 0.10 sec. after the 
first loud vibration of the first sound) and a 
protracted end of the plateau (end after the 
opening snap of the mitral valve). On the other 
hand, cases in which all clinical data were in 
favor of an isolated or predominant insuffi- 
ciency had an early onset (less than 0.10 after 
the first sound) and an early end of the plateau 
(simultaneous with the end of the second sound). 
(Fig. 5.) Of the thirteen cases with late plateau, 
predominant stenosis was confirmed in nine cases 
by surgery; of five cases with early plateau, 
equivalent or predominant insufficiency was 
confirmed in two cases by surgery and in two 
others by autopsy. Thus the electrokymographic 
diagnosis of predominant stenosis of the mitral 
valve, based on the timing of the plateau pattern, 
was in agreement with surgical findings in 84 per 
cent of the cases while the electrokymographic 
diagnosis of predominant insufficiency was 
confirmed by either surgery or autopsy in 80 per 
cent of the cases. Surgery modified the onset and 
ending of the plateau in all cases which came to 
observation, the pattern revealing a greater 
insufficiency and a lesser degree of stenosis. 
(Table 1.) 

It has been stated that the presystolic atrial 
wave in mitral stenosis is much larger over the 
left appendage.’*? We can confirm this fact. 


surgery. Surgical evaluation is made in patients 
who are under deep anesthesia, have an open 
chest, and are on their right side.* Under such 
conditions the cardiac output is lower, the 
cardiac rate higher and the energy of left 
ventricular contraction decreased. ‘Therefore, 
surgery may fail to disclose moderate insuffi- 
ciency while electrokymography may over- 
emphasize it through its tremendous power of 
magnification. Calibration and analysis of the 
tracing ought to remedy this practical short- 
coming of the graphic method. 

Catheterization of the Right Heart. This is 
discussed in detail elsewhere in this symposium. 


AORTIC VALVE LESIONS 


Aortic valvular lesions without damage to 
other valves are usually recognized without 
difficulty. The diagnostic problem is more diffi- 
cult in certain cases. 

There may be doubt as to whether the patient 
has syphilitic or rheumatic heart disease. In the 
first instance there is aortic regurgitation, no 
aortic stenosis, and usually no lesion of the mitral 
orifice. Recognition of aortic stenosis (carotid 
tracing, electrokymogram of left ventricle 
and of aortic arch'®**), mitral insufficiency 
(phonocardiogram at apex, electrokymogram of 
left atrium®:**) or mitral stenosis (electro- 


* Recent studies show a pattern of left atrial pressure 
differing according to the position of the patient. ‘'* 
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cardiogram reveals right axis shift or right 
ventricular hypertrophy; phonocardiogram re- 
vealing the apical murmur) swings the balance 
in favor of a rheumatic etiology. Differentiation 
between an apical diastolic rumble of “‘func- 
tional”? nature (Austin Flint murmur) and the 
murmur of mitral stenosis can frequently be 
made by means of the phonocardiogram.'® 

The patient has a rheumatic mitral lesion and 
the problem is whether or not there also is an 
aortic lesion. In the absence of mitral regurgita- 
tion, electrocardiographic (left axis shift, left 
ventricular hypertrophy) and _ roentgenologic 
(enlargement of left ventricle) data; a large pulse 
pressure; and the data supplied by auscultation 
and phonocardiography (diamond-shaped sys- 
tolic murmur or early diastolic murmur over the 
aortic area’®**) are usually sufficient for the 
diagnosis. The ballistocardiogram may show 
typical findings in aortic insufficiency** and 
stenosis.**:"4 

The following data should be considered 
significant in indicating aortic stenosis. The carotid 
tracing, the aortic electrokymogram, and the 
intrabrachial pressure tracing reveal a slow 
ascending phase, often with an early depression 
(anacrotic pulse)'® and the vibrations of a 
systolic thrill (carotid shudder™). The ballisto- 
cardiogram may present small or absent K 
waves”* or a typical angulation of the J-K 
segment.** If necessary, direct measurement of 
left ventricular pressure‘ may be resorted to; 
systolic pressure higher within the left ventricle 
than in the brachial artery is evidence of valvular 
obstruction. Bradycardia and the presence of an 
auscultatory gap (blood pressure readings) give 
confirmation. 

The differential diagnosis between aortic 
stenosis of rheumatic etiology and aortic stenosis 
due to atherosclerosis may be extremely difficult. 
The presence of an associated mitral stenosis 
would be in favor of a rheumatic lesion. The 
differential diagnosis between rheumatic aortic 
stenosis and a systolic aortic murmur due to 
atherosclerosis or aortitis without obstruction is 
based on definite positive (carotid shudder, 
anacrotic pulse) and negative (weak or absent 
second aortic sound) data which can be found 
only in cases with aortic stenosis obstructing the 
flow. 

Congenital aortic stenosis is frequently sub- 
aortic, in which case there is a typical murmur 
with maximum intensity at the third left inter- 
space but radiating toward the neck. If valvular, 
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the characteristics are similar to those of rheu- 
matic aortic stenosis. Therefore, the clinical 
picture cannot indicate the etiology unless 
associated defects or lesions are present or there 
is a positive history. 

TRICUSPID VALVE LESIONS 

Tricuspid lesions are usually associated with 
mitral lesions; therefore, the diagnostic problem 
consists of ascertaining whether or not a patient 
with rheumatic mitral disease also has a tricuspid 
defect. A typical clinical picture (no orthopnea, 
limited pulmonary congestion, hepatomegaly, 
ascites, peripheral edema, subicterus) was 
described long ago. 

Tricuspid insufficiency is easy to diagnose on the 
basis of the marked systolic pulsation of the 
jugular veins and the liver. The systolic pulsa- 
tions have a plateau-like pattern’®** due to 
transmission of a ventricular pressure pattern to 
the veno-atrial system. Recording of the jugular 
or hepatic tracings is easy by using a piezoelectric 
system.'*® Phonocardiography is of help in con- 
firming the existence of a systolic murmur over 
the xiphoid process or at the right of the sternum, 
a murmur which sharply increases in inspiratory 
apnea.** Electrokymography is of less help than 
in cases of mitral insufficiency in spite of the 
ease with which right atrial tracings are 
recorded.'*® Right heart catheterization confirms 
the presence of incompetency by revealing a 
plateau pattern within the right atrial cavity.*® 
An abrupt change usually takes place as soon as 
the catheter is withdrawn to the axillary vein 
(venous valve).*? The frequent existence of 
“relative” tricuspid insufficiency with signs 
which cannot be easily distinguished from those 
of organic insufficiency somewhat detracts from 
the value of these data. Therefore, these should 
be considered as probatory only if right heart 
failure can be excluded (lack of typical symp- 
tomatology; no increase in the diastolic pressure 
of right ventricle). 

Tricuspid stenosis is more difficult to diag- 
nose. A diastolic rumble or an opening snap 
can frequently be auscultated and recorded at 
the right of the sternum. If present, they increase 
in inspiration, a fact which is not true in the case 
of a mitral diastolic murmur or snap. Jugular and 
tricuspid tracings reveal a high atrial, presystolic 
wave in cases with a sinus rhythm.***? Unfortu- 
nately, other conditions which increase right 
ventricular strain may present the same pattern 
and, moreover, atrial fibrillation frequently 


799 


complicates tricuspid stenosis. Cardiac catheter- 
ization reveals that mean atrial pressure is 
higher than the end diastolic pressure of the 
right ventricle.” 

Tricuspid insufficiency and stenosis give the signs 
and symptoms of both lesions. The plateau of the 
venous and hepatic tracings is less high and more 
delayed;** the pulsations of the jugular veins are 
less marked than in pure insufhciency. 


PULMONIC VALVE LESIONS 


Rheumatic lesions of the pulmonic valve are 
extremely rare. They are occasionally en- 
countered in patients with lesions of the other 
three valves (four-valve defects). On the other 
hand, patients with mitral valve involvement 
may present a loud, harsh, early diastolic mur- 
mur over the second left interspace and it may 
be important to ascertain whether this murmur 
is due to aortic or pulmonic insufficiency. Pul- 
monic insufficiency may be the result not only 
of persistent high pressure in the pulmonary 
artery, with fibrosis of the leaflets, but also of 
scarring subsequent to rheumatic valvulitis. 
The clinical, graphic and roentgenologic data 
which can be used for diagnosis were discussed 
in a previous paper.*? Electrokymographic 
comparison between the pulses of the aortic and 
the pulmonic knobs** supplies additional valu- 
able data. 


SUMMARY 


The diagnosis of rheumatic heart disease re- 
quires recognition of the etiology of the process 
and evaluation of myocardial, endocardial and 
pericardial lesions, as well as of possible lingering 
activity of the rheumatic process. The question 
whether the patient is a rheumatic at all may 
often be answered by history and physical 
examination. The presence of myocardial 
damage is frequently determined by study of the 
electocardiogram. Various laboratory tests and 
the clinical picture are of help in the diagnosis 
of active rheumatic carditis. Pericardial adhe- 
sions are likely in patients with a history of 
pericarditis. However, constrictive pericarditis of 
rheumatic etiology is extremely rare. 

Murmurs should be evaluated carefully 
(1) because children and adolescents may pre- 
sent systolic murmurs of undetermined nature, 
possibly innocent and (2) because rheumatic 
carditis may cause not only an apical or pul- 
monic systolic murmur but also an apical mid- 
diastolic or presystolic murmur. The differential 
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diagnosis between the apical diastolic murmur of 
mitral stenosis and that of ‘“‘relative’’ stenosis 
caused by carditis is aided by phonocardiography. 

The differentiation between “pure” mitral 
stenosis and mitral insufficiency plus stenosis may 
be necessary in relation to possible surgical 
repair of the valve. The following diagnostic 
methods are briefly reviewed: (1) Physical 
examination and low frequency tracing, (2) 
auscultation and phonocardiography, (3) elec- 
trocardiography and vectorcardiography, (4) 
ballistocardiography, (5) pressure tracings of 
the left atrium, (6) esophagocardiograms, (7) 
roentgenograms and roentgenkymograms, (8) 
electrokymograms. In general, ‘‘pure’’ insufli- 
ciency or stenosis is recognized without difficulty 
by means of physical data plus electrocardiog- 
raphy, phonocardiography and roentgenology. 
On the other hand, demonstration of associated 
mitral insufhciency in a case of mitral stenosis 
may be difhcult and use of the various subsidiary 
diagnostic methods may be necessary. 

A ventricular pressure pattern (positive 
plateau-like wave) is transmitted to the left 
atrium in cases of mitral insufficiency. Esophago- 
cardiography, roentgenkymography,  electro- 
kymography, direct measurements of atrial 
pressure and digital exploration permit recogni- 
tion of this abnormal pressure wave which causes 
systolic expansion of the atrium. Electro- 
kymography is the simplest of the five pro- 
cedures. While it is a valuable diagnostic method 
(technical failures are discussed; personal data 
are given), it tends to overemphasize the disturb- 
ance although calibration and analysis of the 
tracings may remedy this. Digital exploration 
tends to underestimate the insufficiency, for 
reasons given. Therefore, if technical difh- 
culties can be surmounted, pressure measure- 
ments with closed chest and no anesthesia may 
become the most accurate method. 

The various technical aids for diagnosis of an 
associated aortic, pulmonic or tricuspid defect 
are discussed. 
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The Treatment of Rheumatic Fever’ 


CuRRIER McEwen, M.D. 
New York, New York 


HERE are many time-honored measures of 

assured value in the treatment of rheu- 

matic fever which will not be considered 
in any detail in this discussion because their 
usefulness is too well established to require it. 
These measures include rest, salicylates for 
polyarthritis and fever, and digitalis and mer- 
curial diuretics for congestive heart failure if it 
occurs. For the purposes of this symposium 
attention will be directed to those important 
aspects of treatment which are new or about 
which there is still difference of opinion. These 
are: (1) the use of penicillin in treatment (in 
addition to its great proven value in preventing 
rheumatic fever), (2) the value of cortisone and 
corticotropin and (3) the possible beneficial 
effect of salicylates on carditis. 


USE OF ANTIBIOTICS 


Within a few years of the introduction of 
sulfonamides in therapy this group of drugs was 
tried in rheumatic fever. Their enormous value, 
and the still greater value of penicillin, in the 
prophylaxis of rheumatic fever was quickly 
shown.!—? On the other hand, sulfonamides were 
found to be without benefit in established rheu- 
matic fever and, indeed, for a time were actually 
thought to be harmful.*.* Subsequent experience 
has indicated that sulfonamides and penicillin 
do not cause rheumatic fever to worsen and, 
hence, their possible value in eliminating the 
hemolytic streptococcal carrier state became an 
important issue. 

It has been shown that sulfadiazine will pre- 
vent hemolytic streptococcal infections but 
cannot be relied on to eliminate completely 
hemolytic streptococci which the patient may 
already harbor. Penicillin, on the contrary, 
can eliminate the hemolytic streptococcal 
carrier state and is, therefore, the drug of 


choice for this purpose. A number of satisfactory 
dosage schedules are available, including the 
following: (1) oral penicillin may be given in 
doses of 250,000 units twice daily for a period of 
ten days; (2) procaine penicillin in oil with 2 
per cent aluminum monostearate may be given 
in doses of 600,000 units intramuscularly every 
second day for four doses; or (3) benzathine 
penicillin G may be given as a single intra- 
muscular injection of 1,200,000 units. Any one of 
these methods will eliminate the carrier state in 
all but the rarest exceptions. No published re- 
ports are as yet available comparing end results 
of therapy which includes measures to end the 
carrier state with the results of regimens not 
including those measures. However, there is 
every reason to believe that hemolytic strepto- 
coccal infection can maintain as well as initiate 
rheumatic attacks and, therefore, on theoretic 
grounds it would appear to be important to take 
early and adequate measures to eradicate any 
viable hemolytic streptococci which the patient 
may Carry. 

The importance of preventing hemolytic 
streptococcal infections in patients who have 
recovered from rheumatic fever has been estab- 
lished without question. For the reasons 
already noted, it must now be _ considered 
imperative also to start the prophylactic regimen 
just as soon as the measures to eliminate any 
possible hemolytic streptococcal carrier state 
have been completed. For this continuous 
prophylaxis a number of methods are available 
which are discussed in detail by Stollerman.' 
Schedules which may be recommended include: 
(1) oral penicillin in doses of 250,000 units once 
daily, preferably half an hour before breakfast: 
(2) benzathine penicillin G intramuscularly in 
doses of 1,200,000 units every four weeks; and 
(3) sulfadiazine by mouth once daily in doses 


* From the Departments of Medicine and Pediatrics and the Study Group on Rheumatic Diseases, New York 
University College of Medicine, and the Children’s Medical Service and Third Medical Division, Bellevue Hospital, 
New York, N. Y. Supported in part by grants from the Masonic Foundation for Medical Research and Human Welfare, 
the National Institutes of Health, U. S. Public Health Service (grants HG-954, A-23 (C-5,6)), Helen Hay Whitney 
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of 0.5 gm. for small children and 1.0 gm. for 
patients weighing over 100 pounds. 


CORTISONE AND CORTICOTROPIN 


Since the original report of Hench and his 
collaborators® in 1949, ample experience has 
accumulated to establish beyond question the 
effectiveness of cortisone and corticotropin in 
combating the polyarthritis, fever and general 
toxic state of the acute phase of rheumatic 
fever. Because of these striking effects and 
especially because of early reports of resolution 
of rheumatic subcutaneous nodules, which have 
notoriously been considered to be unaffected 
by salicylates, the hope was raised that in 
cortisone and corticotropin there were at last 
available agents which could control carditis. 
Soon reports of treatment began to appear, but 
always in small numbers of patients and with 
very discordant results. A few authors have 
reported very encouraging results.*~'* Others, on 
the contrary, have found the hormones no more 
effective than salicylates, or frankly disappoint- 
ing,'*~'* while the majority*’~** have considered 
them promising but of still unproved benefit in 
carditis. Because of the great importance of the 
subject and the difficulty of accumulating a 
statistically significant group of patients in any 
one clinic, an international cooperative study of 
the comparative effects of acetylsalicylic acid, 
cortisone and corticotropin in rheumatic fever 
was undertaken in 1950 by thirteen clinics in the 
United States, Canada and England with the 
sponsorship of the American Council on Rheu- 
matic Fever and Congenital Heart Disease, the 
National Heart Institute and the British Medi- 
cal Research Council. Although the preliminary 
results of this study have been reported at the 
meeting of the American Rheumatism Associa- 
tion in Chicago in 1952 and at the International 
Congress on Rheumatic Diseases in Geneva in 
1953, and a full report is now in preparation, 
only the briefest published report has thus 
far been made.”! This report may be sum- 
marized by the statement that little difference 
was found in the results obtained with these 
three therapeutic agents. This can mean that all 
three are of essentially equal value in rheumatic 
carditis, that none is of value or that the plan of 
the study was imperfect. In the study, for exam- 
ple, a rigid schedule of amount and duration of 
dosage for each of the agents was adhered to, 
and the objection has been raised that sufh- 
ciently large doses of cortisone and corticotropin 
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may not have been employed to suppress cardiac 
inflammation in the more seriously sick patients. 
Thus Greenman, Weigand and Danowski,'* 
using far larger doses of 300 mg. daily for six to 
eight weeks, reported favorable results in pa- 
tients treated relatively early. In their series ten 
of twelve children with carditis who were 
treated within two weeks of onset of rheumatic 
fever recovered without residual cardiac dam- 
age, and similar promising results have been 
observed by our Study Group at Bellevue 
Hospital * in seven patients with carditis treated 
early in their first attacks with the same large 
doses.*® The serious weakness of all these indi- 
vidual impressions of benefit, however, is the 
fact that they are based on such small numbers of 
patients that they are not satististically sound. It 
must be noted too that in contrast to those who 
advocate large doses are the reports of Wilson 
and her associates.* These authors gave rela- 
tively small doses of corticotropin for only seven 
days to twenty-four patients who were con- 
sidered to have active carditis of less than nine- 
teen days’ duration and reported prompt termi- 
nation of carditis in all without residual cardiac 
damage. These results have not been supported, 
however, by the experience of any other 
investigator. 

In this incomplete and unsatisfactory state of 
knowledge regarding the over-all value of 
cortisone and corticotropin in rheumatic fever it 
is helpful to consider their effects on the indi- 
vidual manifestations and symptoms of the 
disease. In the paragraphs which follow this is 
done in summary form. For a detailed analysis of 
results of therapy in the various manifestations 
the reader is referred to the excellent review 
of the literature recently compiled by Massell.** 

Polyarthritis, Fever and Toxic State. As has 
already been noted, there is no doubt about the 
beneficial effects on the polyarthritis, fever and 
general toxic state induced by rheumatic fever. 
Doses of 25 mg. of cortisone by mouth four to 
six times daily cause dramatic relief of all of these 
within twelve to forty-eight hours but it must be 
borne in mind that full doses of salicylates (of 
0.06 gm. per pound of body weight) will accom- 


* The members of the Study Group who participated 
in these observations and others referred to throughout 
this paper included: from the Department of Pediatrics, 
Drs. Janet S. Baldwin, Ann G. Kuttner and Eugenia F. 
Doyle; from the Department of Medicine, Drs. Currier 
McEwen, Joseph J. Bunim (now at the National Institute 
of Arthritis and Metabolic Diseases) and Morris Ziff. 
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plish essentially the same results. Indeed, when 
cortisone is given intramuscularly the effects are 
less dramatic than those achieved with salicylates 
because of the slower absorption of the hormone 
when given by that route. 

Subcutaneous Nodules. In spite of early reports 
of rapid disappearance of subcutaneous nodules 
under therapy with cortisone or corticotropin,*: 
72,27 more recent studies comparing the effects 
of these hormones and of salicylate in rheumatic 
subjects”’:*!:32 have reported little or no dif- 
ference between the effect on nodules in the 
three treatment groups and also an increase in 
nodules in some of the patients in each group. 
It appears clear that nodules may increase in 
size or in number or, indeed, appear for the first 
time while the patient is receiving these hor- 
mones. On the other hand, most observers have 
gained the strong impression that these lesions 
do resolve more rapidly under adequate cortisone 
therapy than would be expected spontaneously. 
The question is of small importance, of course, so 
far as the nodules themselves are concerned but 
considerable theoretic interest attaches to the 
issue because of the indirect bearing on the 
value of hormone therapy in carditis. If the 
subcutaneous granuloma is influenced by corti- 
sone, it would be reasonable to hope for a similar 
effect on the proliferative as well as on the 
exudative phase of inflammation in the heart. 
The question is similar to that in the case of the 
subcutaneous nodules of rheumatoid arthritis. 
There seems little doubt that nodules disappear 
in a striking way in some rheumatoid patients, 
yet in others no effect is discernible.*’ Why these 
differences exist, if indeed they do, remains 
unexplained although it is possible that dosage 
is a factor. 

Histologic examination of rheumatic sub- 
cutaneous nodules also has led to conflicting 
findings. Nodules were removed from one of the 
patients studied by our group before and thirty- 
eight days after the start of hormone therapy.” 
In the small residual nodule masses of fibrinoid 
material appeared to be as abundant as in the 
nodule excised before therapy, but the cellular 
elements, so abundant in the latter, were almost 
entirely absent in sections from the second 
nodule. Keith and Neill** have also reported 
a decrease in inflammatory changes in a nodule 
removed after three weeks of hormone therapy. 
On the other hand, Bywaters and Dixon*®? and 
Johnson and his associates'* reported no differ- 
ences in nodules removed before and after 


hormone therapy. Possibly these discrepant 
results are explainable on the basis of differences 
in dosage or length of treatment but it is clear 
that additional study is needed to clarify the 
question. 

One may summarize the current state of 
knowledge regarding the effect of cortisone and 
corticotropin on rheumatic subcutaneous nod- 
ules by the statement that although a final 
decision is not yet justified, it is probable that 
these lesions are influenced favorably. 

Chorea. The opinions of various authors on 
the efficacy of cortisone and corticotropin in 
chorea also differ. Massell,*® in an analysis of 
twenty-six cases gathered from published reports, 
found that 69 per cent recovered within four 
weeks of the start of hormone therapy. This is in 
contrast to the finding of Sutton and Dodge** 
who reported that only 22 per cent of 150 pa- 
tients with chorea, treated before the era of 
cortisone, recovered within that period of time. 

Our group at Bellevue Hospital has studied 
twenty-two children with chorea since 1950, of 
whom seventeen had no other rheumatic mani- 
festations and five had both polyarthritis and 
carditis in addition. In thirteen of these patients 
hormone therapy was considered to be of 
benefit, in four the effect was questionable 
and in five no benefit was observed. Of the lat- 
ter, involuntary movements became _ worse 
in one in spite of cortisone started after two 
weeks of chorea in doses of 300 mg. the first 
day, 200 mg. the second day and 100 mg. daily 
for the next five days. In two of the patients 
with good responses chorea diminished markedly 
while cortisone was being taken, increased when 
the hormone was stopped and again subsided 
when treatment was resumed. Thus, while 
present information does not permit a definite 
conclusion, there is suggestive evidence that 
chorea may be influenced by hormone therapy 
in some patients. Of interest in this connection 
are the earlier reports of Sutton and Dodge**—*! 
on artificially induced fever therapy. In the light 
of current knowledge it may be that the benefit 
reported in their patients was due to adrenal 
cortical stimulation induced by fever therapy. 

Erythema Marginatum. Although the mecha- 
nism of production of erythema marginatum in 
rheumatic fever is not understood, it is so char- 
acteristic a feature of the disease that it is usually 
considered a rheumatic manifestation. Reports 
of benefit induced by cortisone or corticotropin 
vary greatly, as summarized in Massell’s 
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review.** In the patients studied by our group 
erythema marginatum has sometimes continued 
or even appeared for the first time during 
intensive therapy with cortisone. In other pa- 
tients a rash present before treatment cleared 
promptly when cortisone was begun. However, 
the evanescent nature of these lesions in un- 
treated patients makes it difficult to judge 
whether their disappearance was spontaneous or 
the result of therapy. 

Carditis. The effect of cortisone and cortico- 
tropin on carditis is, of course, the really basic 
question and, in the current state of incomplete 
information, can perhaps be best discussed by 
considering separately the various manifesta- 
tions of rheumatic inflammation of the heart. 

So far as pericarditis is concerned the problem is 
made difficult by the transient nature and vari- 
able duration of the manifestation in untreated 
patients.**? In his summary of reported cases 
Massell** has tabulated the results in sixty-four 
patients collected from the literature, in eighty 
four per cent of whom evidence of pericarditis 
disappeared during hormone therapy. In thirty- 
four of these patients the duration of pericarditis 
was recorded. In twenty-four it cleared within 
seven days of treatment, in nine it cleared in 
eight to fourteen days and in only one did 
it persist more than two weeks. In four addi- 
tional patients it appeared for the first time or 
persisted during treatment and in six it per- 
sisted up to the time of death. Some of the 
latter ten cases, however, cannot be accepted as 
failures either because dosage was small or 
hormone was given only a few days before death 
occurred. Obviously, interpretation of the bene- 
fit given by the hormones depends on what the 
natural duration of pericarditis in these patients 
might have been. Obviously, too, this cannot be 
answered, but the results in these collected cases 
plus the experience of many investigators treat- 
ing individual patients strongly supports the 
probability that cortisone and corticotropin in 
adequate doses do benefit acute rheumatic 
pericarditis. It should be noted also that almost 
all investigators have agreed that electrocardio- 
graphic evidence of pericarditis usually persists 
days or weeks longer than the clinical signs. 

When fachycardia occurs together with high 
fever in the acute phase of rheumatic fever, a 
dramatic slowing may be expected to occur fol- 
lowing the administration of cortisone or cortico- 
tropin, which tends to parallel the fall in fever. 
Tachycardia not associated with high fever, such 
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as that seen later in the attack and usually 
thought to be due primarily to myocardial 
damage, shows a far less striking or uniform 
response. In the patients studied by our group 
there has been in general a gradual decrease 
in tachycardia but, on the other hand, in some pa- 
tients with carditis (five of sixty-two) tachycardia 
persisted without any obvious effect from even 
large amounts of hormone. It must be empha- 
sized, however, that all five of these patients had 
long-standing carditis in the subacute and 
chronic stage by the time hormone was begun. 

Like tachycardia, gallop and changes in the 
quality of heart sounds have tended to clear in the 
patients studied by the author, but in some little 
or no benefit has been noted. This has been 
observed especially in those patients in whom 
tachycardia also continued. However, inter- 
pretation of changes in gallop and in quality 
of heart sounds is so dependent on subjective 
factors that we have made no attempt to analyze 
them quantitatively. 

One of the most obvious evidences of severe 
carditis and one relatively easy to measure is 
congestive failure. Massell** collected from the 
literature a total of forty patients with congestive 
failure who were given cortisone or cortico- 
tropin and of whom thirty were much improved. 
Among the patients with carditis whom we have 
studied eight had congestive failure. Of these, 
failure cleared rapidly during hormone therapy 
in five without the addition of digitalis or 
diuretics. In the other three patients these 
additional measures were required. One was a 
nine year old child treated in 1949 before we 
recognized the need to restrict the salt intake 
drastically. In a second child cortisone was given 
in amounts we would now consider insufficient; 
and in only one patient maintained on a diet 
containing less than 50 mg. of sodium daily and 
given adequate amounts of cortisone were 
digitalis and diuretics needed. This two and one- 
half year old child entered the hospital critically 
ill on the fourteenth day of a first attack of 
rheumatic fever. None of the eight physicians 
who followed the course of illness in this child 
can escape the belief that cortisone was a life- 
saving measure in this case. This, of course, is not 
subject to proof, but in the series of sixty-two 
patients treated there have been two so seriously 
ill that we believe they could have been expected 
to succumb without hormone therapy. 

The possible effect of cortisone and corti- 
cotropin on cardiac enlargement is particularly 
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difficult to evaluate because of the role peri- 
cardial effusions may play. In some case reports, 
for example, it is probable that what has been 
interpreted as decrease in enlargement has been 
due to absorption of pericardial effusions. 
Furthermore, the question is complicated by the 
enlargement caused in some patients, whose 
salt intake has not been sufficiently restricted, by 
the accumulation of tissue fluid and increase in 
blood volume. In Massell’s*® review of the 
literature data are presented which suggest that 
decrease in cardiac enlargement may depend 
importantly on the duration of disease when 
hormone is begun. Thus in seventeen patients 
with enlargement in whom no evidence of 
pericarditis was found and in whom hormone 
therapy was begun within forty-two days of 
illness, enlargement decreased or disappeared 
entirely in thirteen; whereas in thirteen similar 
patients in whom treatment was begun more 
than forty-two days after onset, decrease in 
heart size occurred in only one. 

The effect of hormone therapy in preventing 
cardiac valvular damage as shown by changes in 
murmurs is difficult to assess because of the sub- 
jective factors involved, especially in interpreting 
the significance of systolic murmurs. It can 
be said with assurance that established murmurs 
resulting from damage incurred in previous at- 
tacks are not affected by hormone therapy. 
Furthermore, Massell’s analysis of reported 
cases*® gives support to the view that the end re- 
sult of murmurs appearing during current at- 
tacks depends on how early in the attack therapy 
is started. Thus, of 120 murmurs which appeared 
in initial attacks of rheumatic fever, the rate of 
disappearance was 94 per cent in twenty pa- 
tients treated within seven days of onset of the 
attack, 52 per cent in twenty-seven patients in 
whom treatment was started between the eighth 
and fourteenth day of disease, 28 per cent in 
twenty-two patients in whom treatment was 
started between the fifteenth and twenty-eighth 
day of disease, 19 per cent in sixteen patients in 
whom treatment was started between the twenty- 
ninth and forty-second day of disease, and only 
6 per cent in thirty-five patients in whom treat- 
ment was begun later than the forty-second day 
of illness. Analysis of Massell’s collected cases 
from the standpoint of the presence of murmurs 
at the end of treatment* revealed that of thirty- 
one patients with initial attacks of one to seven 
days’ duration at the start of treatment only 6.5 
per cent were left with significant murmurs, 
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whereas this figure rose progressively to 49 per 
cent of thirty-five patients treated between the 
eighth and fourteenth days, 66 per cent of 
thirty-three patients treated between the fif- 
teenth and twenty-eighth days, 75 per cent of 
twenty patients treated between the twenty- 
ninth and forty-second days, and 90 per cent of 
forty patients treated after the forty-second day. 

The patients studied by our group since 1949 
number ninety-four children and ninety adults, 
of whom fifty-three children and _ thirty-five 
adults had definite evidence of carditis. Yet the 
number of these whom we consider suitable for 
drawing conclusions regarding the fate of mur- 
murs is small. In 1949 when our observations 
were begun we hoped to get a quick answer to 
the question of whether cortisone and cortico- 
tropin could suppress rheumatic inflammation in 
the heart by treating patients with advanced 
rheumatic heart disease and active carditis. 
The futility of this approach was soon apparent 
and since that time we have been primarily 
interested in patients with definite carditis in 
whom treatment could be started within the 
first fourteen days of their first attacks, but these 
cases are not numerous. In preliminary studies 
six such patients, all under ten years of age, 
received varying doses of corticotropin, or 
three days of corticotropin followed by cortisone, 
or cortisone alone. The maximum daily dose of 
corticotropin was 60 mg. maintained for three 
days and of cortisone, 200 mg. maintained for 
four days. The doses then were gradually re- 
duced over additional periods of thirty-three to 
forty-two days. Only one of these six children in 
whom treatment with moderate doses was 
started within the first two weeks of illness was 
judged to have a normal heart at the end of 
treatment. Three had apical systolic murmurs 
considered indicative of mitral insufficiency and 
two had apical diastolic murmurs in addition to 
systolic murmurs. The cardiac status of these 
six children has not changed over a one- to 
four-year period of follow-up. 

During the past two years six similar children 
and one girl of eighteen, all within the first two 
weeks of illness, were treated with prolonged high 
dosage of cortisone or hydrocortisone (300 mg. 
daily) for thirty-two to forty-two days. Five of 
these seven have left the hospital with no evi- 
dence of organic heart disease. One child had a 
harsh apical systolic murmur and one an aortic 
diastolic in addition to a systolic murmur. Cer- 
tainly these cases are too few to warrant the 
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conclusion that the larger doses are superior to 
the smaller ones, but the second group of pa- 
tients was even more severely ill than the earlier 
group and the results are at least suggestive. 

Finally, in the consideration of possible 
effects of cortisone and corticotropin in carditis, 
there is the question of electrocardiographic 
changes. It has already been mentioned that 
electrocardiographic changes in pericarditis do 
not revert to normal as rapidly as do the clinical 
signs of pericarditis. Prolongation of the P-R 
interval usually has been observed to return to 
normal within a week of starting hormone 
therapy but this, of course, is a common occur- 
rence in untreated patients. More suggestive of 
the effect being due to the therapy used are the 
instances of return of the prolongation when 
hormone was stopped and shortening again with 
reinstitution of therapy. However, even these 
instances could be coincidental in a. phenom- 
enon as variable and subject to rapid changes as 
the P-R interval in rheumatic fever. 

Effects on Erythrocyte Sedimentation Rate and on 
C-Reactive Protein. Of the various laboratory 
aids in following the degree of activity of the 
disease process in rheumatic fever, the two most 
important are the erythrocyte sedimentation 
rate and the C-reactive protein precipitin test.** 
It is now thoroughly established that both tests 
return to normal in two to four weeks under the 
influence of therapy with cortisone or cortico- 
tropin. Less certain, however, is the significance 
of these effects. There is little doubt that both 
phenomena are secondary to inflammatory 
changes and the most likely explanation of the 
return of erythrocyte sedimentation to normal 
and of the disappearance of the C-reactive pro- 
tein is that these effects reflect hormone-induced 
suppression of the rheumatic inflammation. 
On the other hand, it has been suggested**** 
that the fall in sedimentation rate may be 
due to direct changes brought about by cortisone 
in the plasma levels of fibrinogen, gamma 
globulin and other proteins. Of great practical 
importance, irrespective of which of these 
mechanisms is correct—and it may well be that 
both play a part—is the fact that the return of 
these tests to normal cannot be interpreted to 
mean that the underlying mechanism of rheu- 
matic activity has become quiescent so long as 
the patient is receiving cortisone or cortico- 
tropin. One probably is justified in interpreting 
this to mean that inflammation has been sup- 
pressed, at least in part, but the only way to 
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discover whether the underlying disease process 
has become inactive is to reduce dosage of 
hormone cautiously and see if laboratory or clin- 
ical evidence of continuing rheumatic activity 
reappears. 

The Rebound Phenomenon. The reduction of 
hormone dosage just mentioned leads naturally 
to a discussion of the ‘rebound phenomenon,”’ as 
the flurry of signs and symptoms of rheumatic 
activity which is apt to appear at such times 
usually is called. On occasion, if the underlying 
rheumatic fever is definitely active, removal of 
the suppressing effect of the hormone will be 
followed by a full-blown rheumatic recru- 
descence. If, however, hormone has been con- 
tinued sufficiently long for the disease to be 
below the level of recognizable activity, the 
rebound is apt to occur. This consists of transient 
increase in sedimentation rate and reappearance 
of the C-reactive protein coupled sometimes 
with mild rise in temperature and pulse with or 
without arthralgia or other mild symptoms or 
signs of rheumatic fever. This flurry persists for 
a few days and then gradually subsides. The 
mechanism of this phenomenon is not under- 
stood. A reasonable explanation at first was that 
it reflected an increased sensitivity of the patient 
to residual and minimal rheumatic stimuli dur- 
ing a time when exogenous cortisone or cortico- 
tropin was no longer available and the patient's 
intrinsic adrenocortical hormones had not yet 
taken its place. However, in a few observations 
in our laboratory Dr. Hildegard Wilson has 
found no changes in ketosteroid or 11-oxysteroid 
excretion at the time of the rebound.* Further- 
more, it now appears clear that salicylates do 
not exert their antirheumatic effects through an 
adrenocortical mechanism, **-** yet Fischel, Frank 
and Ragan* and others have observed char- 
acteristic rebounds in rheumatic patients treated 
with salicylates when the latter were discon- 
tinued. At the moment, therefore, while it is 
easy to explain frank rheumatic relapses oc- 
curring when cortisone or corticotropin is 
withdrawn, the mechanism of the rebound is 
obscure. From the practical standpoint, how- 
ever, it is important to bear the phenomenon in 
mind lest hormone therapy be resumed un- 
necessarily in the mistaken idea that a true 
recrudescence of rheumatic fever has occurred. 

Undesired Effects. The frequency with which 
undesired effects occurred in our first forty-four 
patients, aged two to twenty years, with rheu- 
matic fever treated with these hormones is 
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shown in Table 1. Our experience has been 
essentially the same in the additional patients 
treated since that time. However, in the group of 
patients given the large doses of 300 mg. of 
cortisone daily, moonface and obesity were 
constant. 


TABLE I 
INCIDENCE OF TEMPORARY, UNDESIRED EFFECTS IN 
FORTY-FOUR PATIENTS WITH RHEUMATIC FEVER 
(AGES TWO TO TWENTY YEARS) DURING 
HORMONE THERAPY 


Abnormal fat deposits......................... 23 
Liver enlargement (without congestive failure).... 6 
Abdominal distention......................... 6* 


* All patients were under the age of eight years. 


Serious effects have occurred relatively in- 
frequently. One sixteen year old girl became 
mildly psychotic but this condition cleared with 
electric shock therapy. However, it should be 
remarked that she had been a behavior problem 
at home long before her illness. In three children 
hormone therapy had to be stopped because of 
the development of hypertension with diastolic 
pressures above 100 mm. One of these children 
received cortisone in doses of 300 mg. daily and 
the other two hydrocortisone in the same dosage. 
The blood pressure returned to normal in two 
to four days in all when hormone was stopped. 
Peptic ulcer occurred in none and glycosuria 
was a very minor problem. 

Two effects which deserve special mention 
although they are not serious are pigmentation 
and liver enlargement. In some patients the 
pigmentation in its early stages has suggested 
cyanosis. The liver enlargement also can be 
misinterpreted as due to heart failure unless it is 
recognized that fatty infiltration can occur.®*! 
Both these effects subside when the hormone is 


stopped. 


VALUE OF SALICYLATES IN CARDITIS 


Although some European writers have long 
held that salicylates have a curative effect on 
rheumatic carditis, workers in this country and 
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in England have been almost universally of the 
opinion that, in spite of their dramatic effect on 
fever and polyarthritis, these drugs have little if 
any direct beneficial effect on carditis. It has 
been thought that, indirectly, some benefit 
probably results from the slowing of the heart 
rate accompanying the salicylate-induced fall in 
fever, but the many documented instances of 
progressive heart damage and the appearance of 
acute pericarditis in patients on full therapeutic 
doses of salicylates have made it seem unlikely 
that the well known antirheumatic action of 
these drugs on the polyarthritis of rheumatic 
fever is effective also in carditis. 

Paradoxically, it has been the cooperative 
study of the value of cortisone, corticotropin and 
salicylates in rheumatic fever'* which has raised 
anew the question whether salicylates may not, 
after all, exert a beneficial effect on the heart 
lesions. In the minds of most American students 
of the disease it has been so firmly fixed that 
salicylates do not benefit carditis that it has been 
a surprise to find that in a carefully conducted 
analysis of a large number of patients, those who 
received salicylates fared about as well as those 
treated with cortisone or corticotropin.'® At 
the same time the evidence that those hormones 
do exert a beneficial effect when given early in 
carditis has led to the obvious conjecture that 
perhaps salicylates too may be of help. 

Unfortunately, few recent data bearing on this 
question have been reported. Fischel, Frank and 
Ragan® have shown that rebounds similar to 
those seen following the rapid withdrawal of 
cortisone or corticotropin occur following the 
rapid withdrawal of salicylates. Furthermore, 
Fischel®? has reported that the rebounds of 
cortisone and corticotropin withdrawal can be 
suppressed or minimized by the administration 
of salicylates during and after the reduction and 
cessation of hormone. Similarly, Fischel*? and 
other clinicians in this country and abroad**.*4 
have tried combined cortisone and salicylate 
therapy, with what they have considered en- 
couraging results. 

The subject of the possible use of cortisone and 
salicylate simultaneously poses the important 
theoretic question whether the therapeutic effect 
of salicylates is not due to stimulation of the 
adrenal cortex. Some evidence favoring such an 
action has been reported in animals®*-** but 
only with doses of salicylate so large as to be 
capable . of causing stress. More physiologic 
studies in animals and in man**:**:®* do not bear 
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out the contention of common action, and it is 
significant that even large (but non-toxic) doses 
of salicylates administered to patients over peri- 
ods of months do not cause “‘moonface”’ or other 
signs of hypercorticalism. The weight of evidence 
is heavily against a common mechanism of 
therapeutic action for salicylates and cortisone, 
and, hence, there is theoretic justification for 
combined therapy. Certainly it is not possible to 
say with complete confidence today that corti- 
sone and corticotropin are of benefit in carditis; 
and the value of salicylates in this sense is even 
less certain. However, in the present state of 
knowledge it is the author’s opinion that it is 
unjustifiable not to give cortisone or cortico- 
tropin in large doses to a patient with carditis; 
and furthermore, that there is sufficient evidence 
in favor of a beneficial action of salicylates to 
warrant the combined use of these drugs with 
hormone therapy. 


A SUGGESTED PLAN OF TREATMENT 


Based on the principles which have been dis- 
cussed previously, a plan of treatment may be 
suggested as follows: 

1. In any patient with rheumatic fever, peni- 
cillin should be given at once in sufficient doses 
to eradicate the hemolytic streptococcal carrier 
state. 

2. Prophylaxis should then be begun and 
continued indefinitely to prevent further infec- 
tion with hemolytic streptococci. 

3. If there is no evidence of carditis, salicylate 
alone probably is preferable to hormone therapy. 
For this purpose a satisfactory dosage schedule 
for acetylsalicylic acid is 0.06 gm. (1 gr.) per 
pound of body weight (up to a maximum of 
10 gm.) daily for two days, then 0.04 gm. 
(23 gr.) per pound daily for five days and 0.03 gm. 
(49 gr.) per pound daily for three weeks. After 
this salicylate can be reduced 1 gm. daily, pro- 
vided the C-reactive protein has disappeared 
from the blood and does not return, save for 
a possible transient “rebound” after salicylate 
has been discontinued. If C-reactive protein 
has not disappeared by the end of four weeks it is 
highly probable that the patient has smoldering 
carditis and cortisone probably is indicated. 
Giving the salicylate in divided doses of 1 gm. 
(15 gr.) each appropriately spaced through the 
day is less apt to lead to acute salicylate toxicity 
than are larger doses given at wider intervals. 

4. In the presence of carditis we believe corti- 
sone should be started at once in doses of 300 mg. 
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daily by mouth. This is continued for six weeks, 
after which the dose is reduced half a tablet 
(12.5 mg.) daily. Because of the salt-retaining 
effect of cortisone when given in doses of this 
size a rigid diet containing less than 50 mg. of 
sodium daily is imperative. To counteract the 
possibility of potassium depletion, potassium 
chloride in enteric-coated tablets is given in 
doses of 1.0 gm. two or three times daily after 
meals. While six weeks of cortisone usually 
suffice, further treatment is indicated if the 
C-reactive protein is still present. A transient 
“rebound” when hormone is stopped does not 
call for further treatment. However, if a true 
relapse occurs or if clinical or laboratory evi- 
dence of continuing low grade carditis persists, 
cortisone should be resumed. 

5. If salicylate is to be given together with 
cortisone, the dosage may be as outlined above. 
However, on theoretic grounds, in the hope of 
minimizing the rebound phenomenon, it would 
seem advisable to continue salicylate dosage at 
the level of 0.03 gm. per pound of body weight 
daily for three weeks after cortisone has been 


stopped. 


SUMMARY 


The treatment of rheumatic fever has been 
discussed in the light of current information 
regarding the use of antibiotics, cortisone and 
corticotropin, and salicylates. 

The importance of eradicating any possible 
hemolytic streptococci which the patient may 
carry by means of adequate doses of penicillin 
appears to be unquestionable, as is the need for 
continued prophylaxis against further infec- 
tions with hemolytic streptococci. 

Although the value of cortisone and corti- 
cotropin in rheumatic carditis is not yet estab- 
lished beyond question, the evidence to date is 
encouraging, especially when therapy can be 
started within a few days of onset of illness. 
These hormones appear to be of little if any 
benefit in long-standing subacute and chronic 
carditis. 

The value of salicylates in carditis is still less 
clear, but the meager evidence available is 
sufficiently hopeful to warrant the combined 
use of this drug with cortisone. 

For the treatment of rheumatic polyarthritis 
without evidence of carditis, salicylate probably 
is preferable to cortisone or corticotropin. 

A plan of treatment employing these agents 
has been outlined. 
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The Selection of Patients for 
Mitral Commissurotomy” 


Harry F. ZInsser, JR., M.D. 
Philadelphia, Pennsylvania 


HE operation of mitral commissurotomy 

has passed through its pioneer phase and 

has emerged as a reasonably satisfactory 
procedure permitting direct surgical relief of 
mitral stenosis. With good surgery and proper 
medical evaluation many patients have been 
much improved. Observers with the greatest 
experience readily agree on this point, although 
everyone is aware that reports have of necessity 
been based on observations limited to periods of 
a few years. So far one can only state that mitral 
commissurotomy is capable of producing short 
term improvement, and no one knows how long 
such improvement will be maintained. 

The internist, who formerly concerned him- 
self with standard medical methods of treatment, 
now must also know how and when to select 
from among his patients those suitable for 
surgery, join in the medical aspects of their 
preoperative preparation and immediate post- 
operative care, and later supervise their long- 
term management. 

This discussion will deal only with the selec- 
tion of patients for mitral commissurotomy. The 
material presented is based on personal experi- 
ence in the evaluation of approximately 400 
patients with valvular heart disease referred as 
candidates for surgery. Others have similarly 
summarized their experiences and representa- 
tive reports from various centers are listed in 
the references.'~*.5 

During the past five years concepts regarding 
the selection of patients have undergone con- 
stant revision as a result of increasing experience 
of both surgeon and internist. The present report 
represents current views and also is “‘subject to 
change without notice.”’ For example, many of 
the present difficulties would vanish in the event 
of a major improvement such as a satisfactory 
technic for mitral surgery under direct vision. 


Pending a development of this magnitude, many 
of the problems considered here will continue to 
be important. 


GENERAL CONSIDERATIONS 


Basically, decisions as to any form of surgery 
should be reached by first balancing the esti- 
mated risk and anticipated benefits of the 
contemplated surgery against those of conserva- 
tive management, and then choosing the method 
of treatment considered best for the individual 
patient. In the selection of patients for mitral 
commissurotomy the factors requiring considera- 
tion are subject to unusually wide variation for 
the following reasons: (1) Uncomplicated mitral 
stenosis may pass through several stages of differ- 
ent hemodynamic significance. This of itself leads 
to variability both in the risk and in the results of 
surgery. (2) The course of this disease can be 
complicated and modified by a number of 
special developments such as embolism and 
arrhythmia. (3) Patients with mitral stenosis 
frequently have superimposed disease of other 
valves of varying degrees of importance. 

The surgical risk will thus differ from patient 
to patient depending on the stage of the disease 
and the presence or absence of complicating 
factors. The risk will also vary greatly with the 
experience of the surgeon; most reports have 
shown higher mortality rates for the first twenty- 
five or fifty cases than for subsequent increments 
of a given series. Naturally, the risk is increased 
in patients with advanced disease and long- 
standing congestive failure. Under the best of 
circumstances the mortality rate is 3 to 5 per 
cent in the “better risk patients.’’ This figure 
rises in proportion to the number of “‘poor risk” 
patients accepted for surgery. 

The chances for improvement following sur- 
gery are similarly subject to variation. In gen- 


* From the Edward B. Robinette Foundation, Medical Clinic, Hospital of the University of Pennsylvania, 
Philadelphia, Pa. 
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eral, it may be said that results are favorable in 
patients with uncomplicated mitral stenosis but 
that the presence of far advanced congestive 
failure or of complicating valvular lesions re- 
duces the likelihood of improvement. 

In view of these considerations, the subject of 
selecting patients for mitral commissurotomy is 
not readily presented in the usual manner of 
listing indications and contraindications. Rather, 
it seems better to begin with a review of the 
pathologic physiology and natural history of 
mitral stenosis. From this evolves a simple 
classification which makes it easier to estimate 
the expected results and risks of surgery in 
patients with uncomplicated mitral stenosis. 
Finally, various complicating factors will be 
listed and each will be discussed from the point 
of view of its special importance in the selection 
of patients for mitral commissurotomy. 


PATHOLOGIC PHYSIOLOGY 


In a certain number of patients with rheu- 
matic heart disease the major pathologic change 
consists of progressive stenosis of the mitral valve. 
Such patients are said to have “pure” mitral 
stenosis because there is no significant degree of 
mitral insufficiency, the other valves remain 
intact and the myocardial integrity has been 
preserved. By itself the mitral obstruction results 
in increased pressure within the left atrium which 
is reflected also as an elevation of pulmonary ve- 
nous pressure. This chain of events commonly 
leads toa disturbance of the pressure relationships 
throughout the lesser circulation and eventually 
can Cause symptoms due to pulmonary conges- 
tion, such as dyspnea, cough, orthopnea, 
paroxysmal nocturnal attacks, pulmonary edema 
and hemoptysis. Those patients who develop 
symptoms of pulmonary congestion usually 
notice them initially during severe exertion but 
later find that they occur with lesser degrees of 
physical activity, and finally are present even 
at rest. The natural progression of the disease 
may be so gradual that milder degrees of stenosis 
can be present for many years before the valvular 
narrowing is sufficient to cause troublesome 
symptoms. In addition, it is said that occasional 
patients seem to tolerate the disease unusually 
well and never develop significant disability 
despite a degree of stenosis apparently equal to 
that of many handicapped patients. 

In many patients with “pure” mitral stenosis 
the disease advances beyond the stage in which 
the effects consist simply of pulmonary conges- 
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tion due to interference with left atrial emptying. 
Instead, the prolonged pulmonary congestion 
apparently leads to pulmonary arteriolar vascu- 
lar changes with marked pulmonary hyperten- 
sion and severe adverse effects on the right 
ventricle. Such patients develop symptoms of 
so-called “‘right heart failure’’ including eleva- 
tion of the peripheral venous pressure, hepatic 
enlargement and anasarca. In this stage the 
patient may also develop relative insufficiency of 
the pulmonic and tricuspid valves. 


CLASSIFICATION OF PATIENTS 


From the foregoing it can be noted that pa- 
tients with predominant mitral stenosis fall into 
three major groups: (1) those without signifi- 
cant disability, (2) those with symptoms due to 
pulmonary congestion and (3) those whose 
disease has progressed to the stage of so-called 
‘right heart failure.’ This rough classification is 
based entirely on the hemodynamic changes 
of uncomplicated mitral stenosis and does not 
include the modifying effects of various other 
factors present in numerous patients. However, 
it is useful for purposes of discussion and does 
provide a method for preliminary evaluation of 
patients from two basic aspects: first, their place 
in the natural history of the disease and second, 
the likelihood of surgical improvement at that 
stage. 

Asymptomatic Patients. Most workers have 
hesitated to subject asymptomatic patients to 
mitral commissurotomy because the surgical 
risk is considered unjustified. Some dispute this 
viewpoint on the grounds that the risk is small 
and that these patients inevitably become dis- 
abled sooner or later. One must be certain of 
course that these patients really have no ill 
effects from their mitral stenosis. In some in- 
stances this decision is difficult because (1) cer- 
tain of these patients psychologically reject their 
illness and will conceal or minimize their disabil- 
ity and (2) other patients have atypical 
symptoms which are not recognized as due to 
mitral stenosis. At present it seems wise not to 
subject truly asymptomatic patients to mitral 
commissurotomy when there is still at best a 3 to 
5 per cent surgical mortality with the current 
technics. 

The Ideal Patient. Experience has demon- 
strated that the best results from mitral com- 
missurotomy occur in patients with “pure” 
mitral stenosis whose disease has progressed only 
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to the stage of pulmonary congestion. In many 
such patients technically successful surgical 
relief of mitral obstruction has resulted in 
restoration of practically normal circulatory 
relationships and apparent cure of the mitral 
stenosis. The ideal patient may be described as a 
young person, age thirty to forty years, who has 
progressive symptoms including exertional dysp- 
nea, cough, orthopnea, paroxysmal nocturnal 
attacks, pulmonary edema or hemoptysis. The 
symptoms of so-called “right heart’ failure are 
minimal or absent. The physical signs indicate 
*‘pure”’ mitral stenosis and include the character- 
istic loud apical diastolic rumbling murmur 
together with such associated findings as an 
- Opening snap sound, the typically ‘“‘sharp”’ first 
heart sound at the apex and the accentuated 
or split second heart sound at the pulmonic 
area. Fluoroscopically the cardiac enlargement 
should not be excessive and should involve 
principally the left atrium and right ventricle. 
The electrocardiogram may be normal or may 
indicate the presence of “‘auricular abnormality” 
and “right ventricular predominance.” Finally, 
the ideal patient does not show any evidence of 
rheumatic activity, significant mitral insuffi- 
ciency or disease of other cardiac valves. 

The Patient with Severe Congestive Failure. As 
might be anticipated, mitral commissurotomy 
has been less satisfactory in patients whose 
disease has advanced beyond the phase of pul- 
monary congestion and into the stage of so- 
called “right heart failure.” In this group the 
surgical risk is increased while the chances for 
improvement are lessened. It is generally agreed 
that mitral commissurotomy is indicated if the 
congestive failure can be brought under control 
by medical therapy prior to operation, but a 
special problem arises in patients with severe 
“right heart failure’? which persists despite in- 
tensive medical treatment. Formerly we were 
concerned that such patients might be inoper- 
able because they presumably had irreversible 
pulmonary vascular changes.* However, some of 
these patients have survived operation and have 
improved. It is therefore possible that these 
supposedly irreversible organic changes may 
indeed be reversible. Thus the current tendency 
is to recommend mitral commissurotomy for 
these patients despite the high surgical risk and 
the relatively reduced chance for improvement. 
In a sense this approach constitutes “‘salvage 
surgery” similar to that in patients with cancer. 
Certainly before such an operation the patient’s 
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family must be made to understand the exact 
situation and the patient should be told as 
much as seems indicated under the individual 
circumstances. 


SPECIAL FACTORS AFFECTING THE SELECTION OF 
PATIENTS 


So far the discussion has been confined to 
evaluation of patients based entirely on the 
hemodynamic effects of *‘pure’’ mitral stenosis. 
The selection of patients for mitral commis- 
surotomy would be reasonably easy if this con- 
stituted the only problem. Unfortunately, the 
situation is frequently altered by the presence 
of various complications. It may be very difficult 
in some patients to determine whether their 
disability is due primarily to mitral stenosis or to 
other valvular disease. The following factors are 
discussed because, at various times, they require 
special consideration in reaching a final decision 
as to the operability of certain patients. 

Age. The great majority of patients who de- 
velop disability due to “pure” mitral stenosis do 
so between the ages of thirty and forty-five. 
One rarely encounters disability due to purely 
mechanical mitral obstruction in patients under 
twenty years of age. Instead most teen-age pa- 
tients with serious disability due to rheumatic 
heart disease prove to have complicating 
rheumatic activity, myocardial disease, severe 
mitral insufficiency, multiple valvular involve- 
ment, marked cardiac enlargement, or com- 
binations of these. In the presence of such 
complications mitral commissurotomy would 
not be expected to produce real improvement. 
Our experience includes only two young patients 
(a boy of seventeen and a girl of fourteen) in 
whom the disability could be attributed entirely 
to severe mitral stenosis; both were greatly 
improved following surgery. 

In patients over fifty years of age the surgical 
risk is increased. One must therefore be certain 
that older patients have serious progressive 
cardiac disability which is due to mitral stenosis 
and which cannot be managed effectively by 
medical measures. One must also try to exclude 
patients with other diseases of a serious nature so 
that successful mitral commissurotomy can be 
expected to promise a reasonable addition to the 
life span. Despite such considerations old age 
does not of itself constitute an absolute contra- 
indication to operation in patients markedly 
handicapped by mitral obstruction. Extremely 
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gratifying results have been achieved in a num- 
ber of older patients, including one aged 
Sixty-two. 

Rheumatic Activity. Most workers consider 
clinical evidence of active rheumatic fever or 
carditis as an absolute contraindication to mitral 
commissurotomy. The primary problem is the 
difficulty of recognizing such activity since it 
seldom manifests itself in any characteristic 
manner. In_ patients with rheumatic heart 
disease possible activity must be suspected in the 
presence of any vague illness or with the develop- 
ment of such varied symptoms as fever, fatigue, 
malaise, anorexia or muscle pain. Sometimes the 
only manifestation is a sudden increase in the 
degree of cardiac disability. Various laboratory 
methods including special immunologic tests 
have not proved particularly helpful in this 
diagnosis. The most useful laboratory indication 
of activity may stil be an increase in the sedimen- 
tation rate otherwise unexplained. Despite all 
efforts to exclude from operation those patients 
with active carditis, surgical biopsies of the left 
auricular appendage have shown Aschoff bodies 
in as high as 45 per cent. This has led to a con- 
troversy in which some workers have questioned 
whether Aschoff bodies in the left auricular 
appendage really indicate rheumatic activity. 
For the present most observers simply accept the 
finding as further evidence of the difhiculty of 
recognizing rheumatic activity in this group of 
patients. So far our policy has been to avoid 
operation in the presence of clinically demon- 
strable rheumatic activity. 

Apical Systolic Murmurs. One of the earliest 
principles governing the selection of patients for 
mitral commissurotomy was to exclude those 
with evidence. of significant mitral insufficiency. 
Initially, the recognition of mitral insufficiency 
was based on clinical findings including the 
presence of an apical systolic murmur. As 
surgical experience increased it became obvious 
that the clinical estimation of the relative degrees 
of stenosis versus insufficiency frequently did not 
correlate well with the operative findings. Car- 
diac auscultation was found to be quite reliable 
in selecting those patients with so-called “‘pure”’ 
mitral stenosis who had loud apical diastolic 
murmurs but in whom apical systolic murmurs 
were either absent or faint. Auscultation, how- 
ever, was particularly unreliable in evaluating 
the group of patients with prominent apical 
systolic murmurs; this finding does not guaran- 
tee the presence of significant mitral regurgita- 
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tion. Often, despite a loud apical systolic mur- 
mur, the patient has proved to have severe 
mitral stenosis without significant insufficiency 
and has derived considerable benefit from mitral 
commissurotomy. 

Experience has thus emphasized the in- 
adequacy of ordinary methods of physical 
examination in the diagnosis of mitral insufh- 
ciency. Various special tests have therefore been 
used in an effort to recognize significant degrees 
of mitral regurgitation. Standard roentgeno- 
graphic studies are not always helpful since it is 
frequently very difficult to estimate the size of 
the left ventricle, and the mere presence of a 
systolic pulsation of the left atrium visible 
fluoroscopically does not permit any estimation 
of the severity of mitral regurgitation. Cardiac 
catheterization has been used to record the 
so-called ‘“‘wedge”’ pressures (‘‘pulmonary capil- 
lary pressures”’) which are considered to reflect 
actual pressure relationships within the left 
atrium. This has helped us very little in the 
preoperative evaluation of patients. Combina- 
tions of phonocardiography, ballistocardiog- 
raphy and ‘electrokymography have been used 
to provide data bearing on this problem. 
In our hands’ angiocardiography has supplied 
helpful information by showing a character- 
istic pattern of opacification for “pure” mitral 
stenosis of severe degree, and a different 
angiocardiographic pattern for ‘“‘wide-open”’ 
mitral insufficiency. In “‘pure’’ mitral stenosis 
the left atrium remains sharply outlined and 
densely opacified for a long period of time 
whereas the left ventricle is poorly opacified and 
small. In severe mitral incompetence, on the 
other hand, the left atrium and left ventricle 
are opacified to equal degrees of intensity and 
the left ventricle is enlarged. This test has been 
particularly helpful in patients in whom the 
physical signs of mitral stenosis have not been 
typical. It has, for example, permitted recogni- 
tion of mitral stenosis in a number of patients in 
whom no apical diastolic murmur was heard. 
Angiocardiography is of course most decisive 
when the pattern obtained is unequivocally that 
of mitral stenosis or that of mitral insufficiency. 
Unfortunately, the angiocardiographic pattern 
occasionally lies somewhere between these two 
extremes and decision may be difficult. 

In no instance should a patient be rejected 
for operation merely because of the presence of 
an apical systolic murmur. All such patients 
deserve the benefit of special study, including 
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an angiocardiogram, before a final decision is 
reached. 

Aortic Valvular Disease. Earlier concepts re- 
garding the significance of coexisting aortic 
valvular disease have undergone considerable 
change. Originally, any demonstrable disease 
of the aortic valve was considered an absolute 
contraindication to mitral commissurotomy. 
Aortic stenosis was doubly feared because (1) its 
obstructive effect was relatively greater following 
mitral commissurotomy and could cause failure 
of the previously “‘protected”’ left ventricle and 
(2) its preoperative recognition was often 
difficult in the presence of mitral stenosis. As 
one might expect, severe mitral obstruction can 
mask the presence of aortic stenosis by decreasing 
the intensity of the aortic systolic murmur. Cer- 
tain patients with mitral stenosis have shown no 
definite aortic systolic murmur preoperatively, 
whereas after the mitral stenosis was treated 
surgically and blood flow through the left 
ventricle and aortic valve was increased a 
prominent aortic systolic murmur appeared. 
Aortic stenosis so missed occasionally has led to 
the death of a patient following an otherwise 
successful mitral commissurotomy. This is no 
longer so serious a problem since the develop- 
ment of an instrument for dilating stenosed 
aortic valves.* The aorta should now be palpated 
routinely after mitral commissurotomy and if a 
significant systolic thrill is present the aortic 
valve should be dilated at the same operation. 
A potentially more reliable technic involves 
direct measurement of pressures within the left 
ventricle and aorta immediately following 
mitral commissurotomy. In aortic stenosis the 
aortic systolic pressure should be measurably 
lower than that within the left ventricle. As yet, 
however, the difference of pressure which indi- 
cates a degree of aortic stenosis requiring surgical 
treatment has not been determined. Aortic 
valvular dilatation in patients with isolated 
aortic stenosis carries a considerable surgical 
risk. However, in patients with tight mitral 
stenosis combined mitral and aortic surgery has 
resulted in a mortality rate of only about 10 
per cent. The reasons for this difference in 
mortality between the two groups seem to stem 
from the fact that high grade mitral stenosis 
apparently “protects” the left ventricle from 
excessive hypertrophy. By contrast, in isolated 
aortic stenosis the left ventricle is greatly 
thickened and seems more likely to fibrillate 
during surgery. Furthermore, the enlarged and 
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thickened ventricle is more difficult to ‘“‘pump”’ 
manually in maintaining the circulation during 
ventricular fibrillation and the increased muscle 
mass makes electrical defibrillation more diffi- 
cult. When the surgeon is not prepared to 
proceed with dilatation of the aortic valve 
the presence of aortic stenosis still consti- 
tutes an absolute contraindication to mitral 
commissurotomy. 

At the moment, the problem of aortic insuffi- 
ciency is somewhat more difficult. Methods 
currently under development for treating this 
lesion surgically must await further evaluation 
before they can be considered satisfactory. In 
patients with mitral stenosis, therefore, severe 
aortic regurgitation which is accompanied by a 
wide pulse pressure and a low diastolic blood 
pressure should for the present be considered a 
contraindication to mitral commissurotomy. 
However, with milder grades of aortic insuffi- 
ciency in which the diastolic blood pressure is 
not very low and the pulse pressure is not greatly 
widened it seems permissible to recommend sur- 
gery for the relief of functionally significant 
mitral stenosis. Certainly the mere presence 
of a basal diastolic murmur in the absence of any 
blood pressure changes should not contraindicate 
mitral commissurotomy. Under such circum- 
stances a basal diastolic murmur may represent 
either an unimportant degree of aortic valvular 
insufficiency or else a Graham Steell murmur of 
relative insufficiency of the pulmonic valve. 
Many of the basal diastolic murmurs which are 
not accompanied by a widened pulse pressure 
disappear after successful mitral commissurot- 
omy, indicating their probable pulmonic valvu- 
lar origin. In certain patients, however, these 
murmurs grow louder after operation and the 
pulse pressure becomes significantly widened, 
indicating that aortic insufficiency had been 
present but its hemodynamic effects were 
‘‘masked”’ prior to mitral commissurotomy. 

Tricuspid Valvular Disease. Patients with 
mitral stenosis in whom the disease has advanced 
to the stage of severe “right heart failure” very 
frequently have signs of associated tricuspid 
valvular insufficiency. At times these signs will 
disappear with the restoration of compensation 
during medical treatment prior to operation. As 
noted in the section on classification, certain 
patients in this stage of the disease may not 
respond to medical treatment; mitral com- 
missurotomy is usually attempted in such pa- 
tients despite the increased surgical risk. When 
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surgery is successful the tricuspid insufficiency 
and severe congestive failure usually decrease 
and eventually disappear. Thus most patients 
with mitral stenosis and tricuspid involvement 
will be managed adequately by surgical treat- 
ment of the mitral stenosis alone. 

One encounters occasional patients who retain 
or redevelop the signs of “right ventricular 
failure” and tricuspid valvular disease despite 
apparently successful mitral commissurotomy. 
In certain of these patients organic tricuspid 
valvular disease has been present at necropsy. 
Most of these had predominant tricuspid insuf- 
ficiency; however, a few had significant stenosis. 
Thus, when severe congestive failure and signs of 
tricuspid valvular disease persist or develop fol- 
lowing mitral commissurotomy, one must 
try to recognize those with predominant 
tricuspid stenosis and subject them to tricuspid 
commissurotomy. 

In patients with signs of tricuspid valvular 
disease the diagnosis of predominant tricuspid 
stenosis may be very difficult. Preliminary work 
suggests that significant tricuspid stenosis may 
be recognized (1) when cardiac catheterization® 
demonstrates a gradient in which the diastolic 
pressure of the right atrium exceeds that of the 
right ventricle, and possibly (2) when angio- 
cardiography in the right anterior oblique or 
anteroposterior position shows the right atrium 
to remain sharply opacified in contrast to the 
right ventricle (analogous to the findings 
already described for mitral stenosis). 

Pregnancy. With good medical management 
most patients with mitral stenosis can be brought 
through pregnancy safely. Under such circum- 
stances one would certainly avoid any elective 
operation. However, we have encountered a 
certain number of pregnant patients who devel- 
oped severe difficulty before the seventh month, 
and in whom continuation of pregnancy obvi- 
ously carried a_ prohibitive risk. A few such 
patients have been subjected to mitral com- 
missurotomy when for various reasons termina- 
tion of pregnancy was not considered advisable. 
To date all these patients have done well 
and none aborted during or after the mitral 
commissurotomy. 

Valvular Calcification. In certain patients defi- 
nite calcification of the mitral valve is visible 
fluoroscopically. In general this is an unfavor- 
able finding which may well have an adverse 
influence not only on the success of com- 
missurotomy from a technical viewpoint but 
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also by increasing the hazard of embolism due to 
calcific particles dislodged during the operation. 
Valvular calcification does not, however, consti- 
tute a contraindication to operation since one 
can never be certain preoperatively in any given 
patient that its presence will prove an insur- 
mountable difficulty to the surgeon. 

Subacute Bacterial Endocarditis. This disease 
has been quite rare among the patients evaluated 
for mitral commissurotomy. We have en- 
countered only two patients with subacute 
bacterial endocarditis in an active phase; a 
few more gave a history of previous treatment for 
this condition. When active this disease has 
generally been considered a contraindication to 
operation.':?:+° Although experience has been 
limited, no difficulty has been encountered in 
the few patients subjected to operation after the 
bacterial endocarditis had been cured. The 
circumstances for each individual patient must 
govern the time permitted to elapse before 
surgery. 

Auricular Fibrillation. The presence of this 
arrhythmia is not considered a contraindication 
to operation and the majority of patients coming 
to operation have permanent fibrillation. These 
patients do very well, provided the ventricular 
rate can be kept under good control by digital- 
ization. Certain patients are encountered in 
whom the ventricular rate cannot be satis- 
factorily controlled despite extremely large doses 
of digitalis. In such patients one must consider 
the possibility of overactivity of the thyroid 
gland although there may be no evidence of gen- 
eral hypermetabolism. We have recommended 
that radioactive iodine be given in therapeutic 
doses to a number of these patients despite the 
fact that they appeared euthyroid; following such 
treatment the ventricular rate slowed with 
average doses of digitalis when such control was 
not previously possible. A rapid ventricular 
rate constitutes a hazard during surgery and the 
immediate postoperative period so that control 
of the ventricular rate should be achieved prior 
to mitral commissurotomy if at all possible. 

Arterial Embolism. Previous embolism is no 
longer considered a contraindication to opera- 
tion unless it has resulted in a severely crippled 
patient. On the contrary, it is now believed that 
repeated embolism actually constitutes an 
indication for mitral commissurotomy, even in 
the absence of significant cardiac disability. As 
yet, controlled statistics are not available to 
serve as a sound basis for this opinion. Rather, it 
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has been based largely on the thought that 
removal of the left auricular appendage, to- 
gether with successful opening of the stenosed 
mitral valve, should reduce the tendency toward 
formation of future thrombi. This seems to be a 
reasonable point of view and there is evidence 
that it may prove correct. In such patients, how- 
ever, the surgical risk is increased due to the 
greater incidence of arterial embolism during 
surgery. 
SUMMARY 

Mitral commissurotomy has its place among 
methods currently useful in the treatment of 
rheumatic heart disease. The operation should 
be restricted to patients with significant and 
progressive disability due to mitral stenosis. Its 
use in asymptomatic patients is not justified in 
view of the present surgical risk. 

The technical success of mitral commissurot- 
omy depends greatly on the surgeon’s experience 
with this procedure. Granting perfect technic, a 
given patient can be improved only to the degree 
that his cardiovascular disability is caused by 
simple mechanical obstruction at the mitral 
valve. This means that patients with disability 
due primarily to causes other than mitral stenosis 
must be recognized and excluded from operation. 

With good surgery and proper medical evalu- 
ation many patients have been improved, at 
least on a short term basis. No one can predict 
with certainty the long term results or the 
eventual place of surgery in the treatment of 
mitral stenosis. It seems likely that some form of 
surgery will be used to relieve mechanical 
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mitral obstruction until the successful prevention 
of rheumatic fever eradicates mitral stenosis and 
renders such surgery obsolete. Until then, proper 
selection of patients will be a matter of great 


importance. 
REFERENCES 


1. Anprus, E. C. Selection of patients with mitral 
stenosis for surgical treatment (valvulotomy). 
Mod. Concepts Cardiovas. Dis., 20: 116, 1951. 

2. C. P., Bortrox, H. E. and Reponvo- 
Ramirez, H. P. Surgery of the mitral valve. §. Clin. 
North America, 32: 1807, 1952. 

3. Grirritrn, G. C., H., Cossy, R. S., Levin- 
son, D. C., Dimrrrorr, S. P., Zinn, W. J., 
R. W., Herman, L. M., Jonns, V. J., Jn.. MEYER, 
B. W. and Jones, J. C. The selection and medical 
management of patients with mitral stenosis 
treated by mitral commissurotomy. Circulation, 7: 
30, 1953. 

4. Jounson, J., Kirpy, C. K. and Zinsser, H. F. The 
present status of the surgery of mitral and aortic 
stenosis. Surgery, 34: 1090, 1953. 

5. Dexter, L., McDonarp, L., Rapinowirz, M., 
Saxton, G. A. and Haynes, F. W. Medical aspects 
of patients undergoing surgery for mitral stenosis. 
Circulation, 9: 758, 1954. 

6. Wetcn, K. J., Jounson, J. and Zinsser, H. F. The 
significance of pulmonary vascular lesions in the 
selection of patients for mitral valve surgery. Ann. 
Surg., 132: 1027, 1950. 

7. Zinsser, H. F. and Jonunson, J. The use of angio- 
cardiography in the selection of patients for valvular 
surgery. Ann. Int. Med., 39: 1200, 1953. 

8. LARZELERE, H. B. and Baiiey, C. P. New instrument 
for cardiac valvular commissurotomy. J. 7 horactc 
Surg., 25: 78, 1953. 

9. Ferrer, M. I., Harvey, R. M., Kuscuner, M., 
Ricnarps, D. W. and Cournanp, A. Hemodynamic 
studies in tricuspid stenosis of rheumatic origin. 
Circulation Research, 1: 49, 1953. 


AMERICAN JOURNAL OF MEDICINE 


Surgical Treatment of 
Rheumatic Heart Disease’ 


CLARENCE CRAFOORD, M.D. and LARS WERKO, M.D. 
Stockholm, Sweden 


HE surgical treatment of certain congeni- 
tal heart lesions has been increasingly 
| successful in the last decade. Improved 
methods of anesthesia and control of respiration 
in open chest operations together with the advent 
of effective antibacterial therapy are some of the 
factors that have contributed to the excellent 
results obtained in surgical correction of lesions 
such as patent ductus arteriosus and coarctation 
of the aorta. Another reason is that the opera- 
tions used are not performed on the heart itself 
but on the large vessels within the thorax. 
Operations within the heart have been con- 
templated for a long time but trials have been 
only partly successful because the problems 
involved are of much greater magnitude than in 
the congenital vascular deformities. 

The problem of treating patients with rheu- 
matic heart disease is of greater importance 
than the treatment of congenital heart disease, 
for both social and economic reasons. Rheumatic 
heart disease is more common than congenital 
lesions and frequently affects individuals in their 
early or middle period of active life. ‘The medical 
treatment of patients with rheumatic heart 
disease, although it may be effective in certain 
situations, can not abolish the basic valvular 
deformity and usually fails to improve the situa- 
tion beyond certain limits. This limitation in 
medical treatment has always been obvious but 
agreement as to its cause has not been reached 
until lately. Many physicians earlier considered 
that the lack of improvement following the 
usual medical therapy was mostly due to exten- 
sive myocardial damage resulting from the 
rheumatic infection, and thought the mechanical 
imbalance of the circulation caused by the 
damaged valve of only minor importance. Others 
had the impression that the mechanical disturb- 
ance was of greater importance than damage of 
the myocardium in the symptums and signs in 
rheumatic heart disease. As early as the turn of 


the century several authors therefore proposed 
an operative approach to the treatment of 
valvular, mostly mitral stenosis.'’ This eventu- 
ally gave the impetus to animal studies':* but it 
was not until 1913 that the first patient with 
acquired valvular disease was operated upon. 
Tufher then operated upon a young man with 
aortic stenosis, invaginating the wall of the 
aorta with the finger and dilating the aortic 
orifice successfully. The patient survived and 
was improved for several years.’* The first suc- 
cessful operation for mitral stenosis was per- 
formed by Cutler in 1923. He approached the 
valve from the left ventricle, using a special 
valvulotome.** This operation was followed by 
the first era of mitral surgery in which several 
surgeons performed operations on the mitral 
valve either through the left ventricle or the 
auricle, almost always with unsatisfactory 
results.??-§#:72 Section of the valves usually 
caused marked mitral incompetence, giving 
rise to pulmonary edema and death of the pa- 
tient during or shortly after the operation.** The 
operation was therefore abandoned and it was 
not until about twenty-five years later that a 
renewed approach was ventured. 

During the last years of this interval several 
surgical attempts were made to relieve the 
pulmonary congestion that constituted the basis 
for the most embarrassing symptoms in the 
majority of patients with rheumatic heart dis- 
ease. Anastomosis between a branch of a pul- 
monary vein and the azygos vein, creation of an 
interauricular septal defect.'':'*:*> and creation 
of tricuspid incompetence or ligation of the 
inferior vena cava*® were all measures aimed at 
relief of the overburdened pulmonary circuit. It 
was realized, however, that these technics were 
only palliative and most of them were soon 
abandoned as the direct approach on the mitral 
valve became an established procedure. '” 

Following the pioneer work of Harken and his 
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associates, Bailey and his group? **?:®* and 
Smithy and his coworkers® in the United States 
and Brock in England,®’:'* surgical correction of 
mitral stenosis has become a widely used method 
of treatment with usually good, sometimes excel- 
lent results. This has encouraged several sur- 
geons to try to devise similar methods for the 
relief of aortic stenosis.*:**.°+®? Some have also 
been working on correction of mitral or aortic 
incompetence. 4,13, 15,18,27,41,43,44,60,61,65,73 

All these attempts have been made in the 
intact, blood-filled, beating heart without the 
aid of vision (“‘digital exploration” or “‘palpa- 
tory surgery” according to Bailey). Several 
surgical groups consider that the results gained 
by operations performed without the aid of 
vision will at best be only partly successful. They 
are therefore working on technics that will allow 
operations in the heart while the blood flow is 
deviated through other channels. The develop- 
ment of artificial oxygenators that will deliver 
a normal blood flow to the body while the heart 
is being operated upon has, however, proved to 
be a difficult undertaking. !":76-?9-42.59.55.65.75 Such 
devices are more readily utilized when the 
demand of the body for oxygen is lessened by 
decreasing the body temperature.**” Recent 
experience has demonstrated that for the pur- 
pose of intracardiac surgery this approach is 
feasible in man.?! 

Exact knowledge of both the anatomy and 
physiology of each valvular lesion is of utmost 
importance for the surgeon. His direct aim is to 
correct the altered structure of the valve and in 
this way influence the pathophysiology. The 
recent development of exact methods for the 
physiologic and roentgen-anatomic evaluation 
of patients with heart disease, both preopera- 
tively and during surgical intervention, consti- 
tutes one of the fundamental reasons for the 
rapid evolution of heart surgery. These methods 
are of great practical value for the exact assess- 
ment both of the severity of a valvular lesion 
and of the value of a particular surgical method. 
In the following paragraphs the pathophysiology 
of the various valvular lesions will be discussed 
briefly in connection with the various methods of 
surgical treatment. 


THE AORTIC VALVE 


A bicuspid aortic valve is often easily attacked 
by a rheumatic or bacterial infection. Aortic 
valvular lesions may thus be present in an 
ordinary tricuspid or in a deformed bicuspid 
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aortic valve. The rheumatic infection causes 
a nodular valvulitis with the rheumatic nodules 
usually situated along the margins of the cusps, 
causing fibrous adhesions between them. During 
the acute stage thickening of the valves, ir- 
regularity of the surface and gross vasculariza- 
tion may also be present. In addition to the 
thickening, the cusps may undergo considerable 
shortening as a result of rolling of the free 
margins toward the aortic wall; in consequence, 
aortic incompetence will develop when the in- 
fectious phase goes over into healing. Except for 
this, the end-result of the healed aortic valvu- 
litis makes for marked stenosis. The orifice is 
reduced to a narrow, rounded, triangular or 
irregular slit-like opening and the cusps are 
greatly deformed, adhere to each other and con- 
tain massive calcific nodules on both the aortic 
and ventricular surfaces. 

Pathophysiology of Aortic Stenosis. Most of our 
knowledge of the pathophysiology of aortic 
stenosis has been accumulated in animal experi- 
ments or in studies on isolated heart-lung prepa- 
rations.’* It is only lately that some data have 
been collected regarding the circulation in 
aortic valvular disease in man. 

Experimentally, the aortic orifice must be nar- 
rowed to between 60 and 70 per cent of its 
original diameter before cardiac output per beat 
or per minute is reduced. Nevertheless, narrow- 
ing of 15 to 30 per cent is sufficient to cause 
audible and recordable murmurs. The _per- 
formance of the left ventricle varies according to 
the degree of aortic narrowing. Slight stenosis 
alters the ventricular pressure curve but little. 
In severe stenosis the intraventricular pressure 
curve rises to several times the normal and the 
systolic ascent is steeper and longer. When 
ventricular ejection is seriously impeded, the 
ventricules approach an isometric type of 
contraction in which the increased residual 
volume and marked elevation of initial tension 
contribute to a high systolic ventricular pressure. 

The aortic pressure curve, on the other hand, 
shows a diminished, though prolonged, gradient 
of ascent after the initial period of rapid ventricu- 
lar ejection. Marked vibrations in the central 
arterial pressure curve correspond to the aortic 
thrill and murmur. They indicate obstruction to, 
and turbulence of, systolic blood flow at the 
aortic orifice. 

The arterial systolic pressure and the pulse 
pressure are typically decreased and the diastolic 
pressure is elevated or normal. The radial pulse 
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Fic. 1. Left ventricular and brachial arterial pressure curves in a case of pure 


rheumatic aortic stenosis, obtained by direct puncture of the left ventricle and 
brachial artery, respectively. Note the systolic pressure gradient ventricle- 
artery, the slow increase of pressure in the ventricle and the small arterial pulse 


pressure. 


correspondingly is of the flat and delayed 
variety——‘‘pulsus parvus et tardus.” (Fig. 1.) These 
typical features of the arterial pressure pulse are 
modified when arterial hypertension or free 
aortic incompetence coexist. 

The clinical symptoms of aortic stenosis are 
usually due to the decreased cardiac output, as a 
result of which the coronary flow is decreased 
whilst the hypertrophied left ventricular wall 
requires a large blood supply. This situation 
causes the typical angina pectoris and may con- 
tribute to the occasional fainting spells. It has 
been suggested that increased linear velocity of 
aortic blood flow causes suction past the coro- 
nary orifices and thereby myocardial ischemia. 
This suggestion has lately received some experi- 
mental support from studies on a circulation 

The increased work of the left ventricle causes 
marked muscular hypertrophy, detectable both 
in the electrocardiogram and on chest x-ray 
investigations. 

The increased initial tension of the left ventric- 
ular muscle eventually produces an increase in 
the pulmonary venous pressure. This increase, 
however, is not marked and signs of left ventricu- 
lar failure with pulmonary edema usually occur 
only late in the course of the disease. Once 
present, however, left ventricular failure reacts 
poorly to medical treatment and advances 
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rapidly via subsequent right heart failure to the 
fatal outcome. (Fig. 2.) 

The obvious mechanical nature of the dis- 
turbance of the circulation in aortic stenosis has 
encouraged several surgeons to suggest different 
ways of relieving the stenosis. The first successful 
operation on a valvular lesion was, as previously 
mentioned, performed as early as 1913 by 
Tuffier who, however, never opened the heart 
but dilated the stenosed aortic opening with his 
finger, invaginating the wall of the aorta.’® The 
dramatic effect of commissurotomy in mitral 
stenosis has acted as a strong impetus toward new 
attempts in the operative treatment of aortic 
stenosis. Difficulties have, however, been en- 
countered in several ways. 

Glover and coworkers in 1950 tried the ven- 
tricular approach in one case but the patient 
died on the operating table. They then devised a 
new approach,** introducing a dilating instru- 
ment through the carotid artery and were thus 
able to perform a successful aortic commis- 
surotomy in three of five cases, with two deaths.” 
For several reasons this method was thought to 
be unsatisfactory and work was continued along 
other lines. 

Niedner in 1951 performed a successful aortic 
valvulotomy using the ventricular approach. He 
used a thin-bladed knife introduced through the 
wall of the left ventricle close to the septum. The 


1 | 
ip 
| hi | | 


814 


knife was directed through the small aortic slit 
and the aortic commissures were cut. The pa- 
tient survived and was greatly improved. 
Bailey and coworkers have subsequently 
designed a special instrument that dilates the 
stenosed aortic valve so that the commissures 
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Fic. 2. Blood pressures in the systemic and pulmonary 
circulation, cardiac output, renal clearances and so- 
dium excretion in a case of rheumatic aortic stenosis in 
chronic left and intermittent right ventricular failure. 
A balloon'® was inflated in the inferior vena cava below 
the renal veins and the reaction to ligation of the vena 
cava was recorded. Note the absence of any change 
other than the decrease in pressure immediately above 
the balloon. The inferior vena cava was completely 
occluded for sixty minutes without any subjective 
sensations in the patient. 


more or less automatically rupture.*:***.>4 The 
instrument can be introduced either through the 
ventricular wall or from the aorta. In both 
instances a thin wire guide has to be introduced 
first. It has been found that the size of the open- 
ing in the diseased aortic valve may be so small 
and irregular that it is impossible to pass any 
larger instrument without the use of a guide. 
Larzelere and Bailey recently reviewed the 
first forty-two cases of aortic stenosis—thirteen 
patients having isolated aortic valvular disease— 
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in which operation was performed using this 
technic. Of these thirteen, six patients had pre- 
dominantly aortic stenosis but also exhibited 
signs of aortic incompetence. Only seven cases 
thus had pure stenosis. One of the thirteen pa- 
tients died shortly after operation, two were 
markedly improved, eight improved and two 
were worse after the surgical procedure. The 
largest group operated upon were the patients 
with multivalvular lesions. In addition to aortic 
stenosis they all had varying degree of mitral 
involvement with stenosis or incompetence. 
Several patients also had slight to moderate 
aortic incompetence. Both aortic and mitral 
commissurotomy were performed at the time of 
operation. Of the twenty-nine patients, six died 
and two were unimproved, while twenty-one 
showed moderate to marked improvement.** 

In some patients with aortic stenosis, with or 
without mitral disease, dilatation of the aortic 
crifice has been attempted using the knife 
designed by Brock for correction of pulmonary 
stenosis. [The instrument was introduced through 
the ventricular wall. The results have not been 
encouraging. In one patient (Fig. 3) mitral 
commissurotomy was first performed. Pressure 
tracings were recorded from the left ventricle 
and aorta before and after operation on the 
aortic valve. The pressure gradient from left 
ventricle to aorta was virtually unchanged by 
the dilatation. The patient, however, improved 
from the mitral commissurotomy. Even after the 
use of the Bailey-Larzelere aortic dilator, which 
permits a larger opening than the usual in- 
strument, Bailey states that the postoperative 
valve aperture was surprisingly small. 

In rheumatic aortic stenosis the valve is al- 
ways heavily calcified and cannot be considered 
as suitable for surgical attack as the congenitally 
stenosed pulmonary valve or the mitral valve. 
The aortic valve is also much more likely to 
develop incompetence than is the pulmonary 
valve, the blood pressure in the aorta being 
much higher. Consequently, the suggested 
operative methods have not been unanimously 
accepted. Studies on the movement of the dis- 
eased valves before and after attempts to operate 
on them may help to design better methods for 
surgical intervention.*® 

Aortic Valve Incompetence. A minor degree of 
aortic incompetence is almost always present in 
rheumatic aortic stenosis. Sometimes the rheu- 
matic valvulitis has caused curling and retrac- 
tion of the cusps of the aortic valves, or subse- 
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quent ulcerous endocarditis has almost destroyed 
them, making incompetence the dynamically 
more important lesion. Aortic incompetence due 
to rheumatic heart disease usually is less severe 
than after luetic infection, which causes not 
only alterations of the valves but also dilatation 
of the aorta. Marked aortic regurgitation has a 
more rapidly deleterious effect on the heart than 
marked aortic stenosis. Left ventricular hyper- 
trophy and dilatation apparently develop 
simultaneously and the heart becomes very 
large. With tremendous ventricular dilatation 
the mitral valve may become incompetent, fol- 
lowed by dilatation and hypertrophy of the left 
auricle. 

Pathophysiology of Aortic Incompetence. When 
small aortic leaks are produced, the left ven- 
tricle empties itself more completely during the 
early phase of the ejection, due partly to the 
increased filling of the ventricle at the start of 
contraction and partly to the low diastolic 
pressure in the aorta that is easily overcome. 
When regurgitation is more marked this pattern 
is further changed. Higher systolic pressure in 
the aorta and ejection of large stroke volumes 
into it results from the increased amount of 
blood flowing back into the ventricle, further 
increasing the presystolic distention of the 
myocardial fibers. 

In small aortic leaks the peak fall in diastolic 
arterial blood pressure is late and not especially 
pronounced. In more marked regurgitation the 
pressure in the aorta falls rapidly with relaxa- 
tion of the left ventricular myocardium. The 
pressure in the arteries never drops to zero 
when measured exactly by intra-arterial methods. 

The effective cardiac output is kept within 
normal limits by increasing the stroke volume 
with the amount regurgitated. By shortening 
the diastolic time this amount is kept to a mini- 
mum. The tachycardia observed jin aortic 
regurgitation is thus a compensatory mechanism 
to keep the cardiac work per stroke down. The 
amount of blood that may leak back in severe 
regurgitation has been estimated as up to 60 
per cent of the stroke output.”® 

The arterial systolic and pulse pressure are 
typically increased and the diastolic pressure 
low. The radial pulse is of the collapsing type— 
‘“‘water hammer pulse.” (Fig. 4.) 

In clinically manifest aortic insufficiency 
angina pectoris may occur, due to inadequate 
blood supply to the hypertrophied and dilated 
left ventricle, but it is less common than in 
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Fic. 3. Tracing obtained after commissurotomy while 
withdrawing a catheter from the aortic to the left 
ventricle in a case of rheumatic aortic stenosis and 
mitral stenosis. A similar tracing was again obtained 
after a Brock knife had been forced through the ste- 
nosed, calcified valve opening; pressure in mm. Hg. 


aortic stenosis. More often the left ventricle 
fails, with increase in pressures in the pulmonary 
circuit. When signs of failure have appeared, the 
progress of the disease is usually rapid. It is 
difficult to restore compensation by medical 
means and another bout of failure soon follows 
which may not be amenable to treatment. 

The location of the aortic valve, close to the 
ostia of the coronary arteries, precludes any 
direct attempt to replace the defective valves 
with artificial ones. Bailey has suggested in- 
troduction into the aorta of a pericardial flap 
that during diastole should at least partly 
occlude the opening and during systole be 
displaced by the blood stream. Operations using 
this technic have not been successful. '* 

Hufnagel has developed an artificial plastic 
ball valve that is placed in the descending aorta. ** 
Operations in man have shown that this opera- 
tion is practicable, and may result in striking 
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Fic. 4. A, brachial arterial, pulmonary capillary venous and right auricular pressures in patients with aortic incom- 
petence and minimal (Case 423) and marked (Case 583) regurgitation. Both patients had normal pulmonary 
capillary venous pressure at rest and no signs of left ventricular failure. B, brachial arterial, pulmonary capillary 
venous and right auricular pressure in a patient with moderate aortic regurgitation and impending left ventricular 
failure. The mean pulmonary capillary venous pressure is slightly elevated at rest and the pulsations are exaggerated. 
This patient had luetic heart disease and the abnormal pulmonary capillary venous pressure could not be due to 


mitral valvular disease. 


improvement in the survivors. The amount of 
regurgitating blood was diminished, with de- 
creasing heart size and better function—im- 
proved total blood flow. The arterial pulse distal 
to the artificial valve was normalized, with 
unaltered pulse pressure proximal to the valve, 
i.e., in the coronary, cerebral and arm circula- 
tory beds.** However, the operation still carries 
a heavy mortality and the fate of the artificial 
ball valve situated in the descending aorta is as 
yet unknown. 

The surgical treatment of both aortic stenosis 
and incompetence must be considered to be still 
in the experimental stage. 


THE MITRAL VALVE 


The anatomy of the mitral valve at one time 
interested only anatomists or pathologists. 
During the recent years several studies have 
been made by surgeons, who have had the 
opportunity to obtain an impression of the 
valve during life and compare it with anatomic 
specimens. 

The normal mitral valve consists of two 
leaflets, one ventral or anterior, and one dorsal 
or posterior. Frequently deep notches in the mar- 
gin of the leaflets occur, giving rise to an increase 


in the number of leaflets.'+:** The anterior leaflet, 
also called the aortic, is much larger than the 
posterior. There seems to be little doubt that the 
anterior (aortic) leaflet is the main factor in 
effective closure of the orifice. The posterior, 
lesser cusps performs only a subsidiary function 
in sealing a narrow segment of the orifice. 
Stenosis of the mitral orifice results from fusion of 
the leaflets at their edge and fusion and shorten- 
ing of the chordae tendineae. Brock has pointed 
out the importance of the chordae tendineae in 
severe valvulitis,'‘ in which not only the margins 
of contact of the valves adhere to each other but 
also the chordae tendineae become firmly 
adherent across the valvular opening. Even 
if the fused cusps are cut apart, the valve orifice 
still cannot open because it is held firmly by the 
fused and interfused chordae. They may form a 
firm fibrous mass which constitutes a grave ob- 
stacle to surgical alleviation of the stenosis. 
When a stenosed mitral orifice is examined 
from the left atrium, the lesion has a character- 
istic funnel shape. The walls of the funnel are 
formed by the fused leaflets of the valve which 
lead down to a small opening of variable shape. 
This has been characterized as a “button-hole”’ 
or “‘fish-mouth” valve. Sometimes the valvular 
ring is calcified as well as the leaflets, sometimes 
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only the thickened leaflets are calcified. The 
calcium deposits may be laid down as nodules or 
diffusely. Not infrequently the leaflets are so 
adherent and rigid that almost no movement is 
possible. Incompetence of the valve thus usually 
ought to be present but in many cases no signifi- 
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and calcification is rare. The surgical results in 
patients with type 1 stenosis are usually poor but 
in type 1 stenosis good results may be obtained. 

There is at present no method to determine the 
exact morphology of the mitral valve before 
surgery. Not until the surgeon has opened the 
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HEMODYNAMIC FINDINGS IN 126 PATIENTS WITH MITRAL STENOSIS, TWENTY-ONE PATIENTS WITH AORTIC 
INCOMPETENCE AND TWO PATIENTS WITH AORTIC STENOSIS * 


| 


| 
Mean Blood Pressures 


| A-VO: | Cardiac Index | | (mm. Hg) 
| Difference’ /min. / Pulse Rate 
| m BSA) | | 
| | RA PA PCV | BA 
| | | | | 
Mitral Stenosis 
aT 49 a 3.65 | 81 | 1 19 13 93 
TT 54 52 2.68 82 2 36 21 95 
IV 23 64 2.20 93 4 53 eee 
Aortic Incompetence 
it-1V 3 54 47 86 | 5 | 36 19 89 
| 
Aortic Stenosis 
WV 1 90 2.49 | 97 | 5 | 51 29 89 


| | 


* Grouping according to New York Heart Association. 


RA = Right auricle 
PA = Pulmonary artery 
PCV = Pulmonary capillary venous 


cant regurgitation through the stenotic orifice 
occurs during ventricular systole, due to the fact 
that the ventricular opening of the funnel is 
pressed against the myocardium, sealing the 
opening in an efficient manner. 

Harken and coworkers*® have described two 
types of stenosis of the mitral valve: Type 1 is 
primarily a rigid, fibrous contraction of the leaf- 
lets to form a stenotic opening with little thick- 
ening or fusion of the chordae tendineae. Type 
11 consists of an elastic funnel with marked fusion 
of the chordae tendineae. These fused chordae 
may even constitute secondary stenosis. 

Calcification is common in type | stenosis, 
which occurs in about 85 per cent of all cases of 
mitral stenosis. Type 1 is the uncommon form 
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BA = Brachial artery 


A-V O: Diff. = Arteriovenous oxygen difference 


left auricle and palpated the deformed valvular 
apparatus can he decide whether the stenosis is 
suitable for surgical correction or not. 

The Pathophysiology of Mitral Stenosis. It has 
been recognized for centuries that narrowing of 
the mitral orifice introduces a resistance to the 
flow of blood from the left auricle into the ven- 
tricle, impairing its filling and output. Early 
experimental work and studies on circulation 
models have confirmed this reasoning.’® Katz 
and Siegel, using the purse-string method to 
produce mitral stenosis, consistently found an 
immediate reduction in systolic, left ventricular 
and aortic pressure, with a reduction in aortic 
pulse pressure and a pronounced deviation in left 
auricular pressure. The amplitudes of the atrial 
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contraction wave increased markedly. The 
effects on pulmonary arterial and right ventricu- 
lar pressures proved variable, probably depend- 
ing on the status of the circulation at the time of 
observation. In some experiments the systolic 
pressure in the pulmonary artery and right 
ventricle decreased, and the pulse pressure in the 
pulmonary artery fell; in others the pulmonary 
arterial pulse pressure increased and with it the 
systolic pressure in the right ventricle and pul- 
monary artery. These and other results are 
gained in acute experiments. However, the 
dynamic picture obtained in the chronic, 
long-term experiment of mitral stenosis in man 
need not exhibit many features in common with 
the animal experiments. 

Hydrodynamic studies by Allen on artificial 
valves in a physical system led to the conclusion 
that a reduction in 75 per cent of the surface 
area of the orifice can take place without marked 
increase in resistance.' Similar results have been 
arrived at by Wiggers.’* Attempts to calculate 
the mitral orifice in man indicate similar redué 
tions before severe symptoms occur; the methods 
employed are, however, too uncertain to be of 
real value. The severity of symptoms in man, 
furthermore, is due not only to the reduced size 
of the orifice but also, as pointed out by Brock,'* 
to a great many additional factors. 

In man several studies have demonstrated that 
the presence of a slight degree of mitral stenosis 
does not alter the cardiac output or the pres- 
sures in the pulmonary circulation at rest.***:**.>" 
During exercise the pulmonary capillary-venous 
and arterial blood pressures increase with the 
increasing output, which may be sufficient for 
rather large demands. 

With more marked narrowing of the mitral 
orifice the pressures in the pulmonary circuit 
tend to become higher and the cardiac output 
lower. During exercise the output may or may 
not be sufficient for the need of oxygen in the 
tissues, but the pulmonary vascular pressures 
increase, sometimes to the level of impending 
pulmonary edema. 

With tight mitral stenosis the cardiac output 
is low and the pulmonary capillary-venous and 
pulmonary arterial pressures are high. The 
response to exercise is characterized by marked 
increase in blood pressures in the pulmonary 
circuit, with little or no change in cardiac out- 
put. When the right ventricle finally proves 
inadequate to the increased work against the 
pulmonary arterial pressure, the pressure in the 
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right auricle increases and the clinical picture 
of right heart failure appears. (Table 1.) 

This general description of the dynamic 
behavior of the circulation in patients with 
mitral stenosis is modified by the extent of 
mitral incompetence and its effect on the left 
ventricle, the degree of pulmonary vascular 
disease, the extent of myocardial damage, the 
reaction of the kidneys and other organs, and by 
numerous other factors. 

Surgical Treatment. Harken and his associates 
have designed the surgical technic known as 
Bailey and coworkers 
developed the technic for operation on _ the 
stenosed mitral valve that is known as com- 
missurotomy.*** Common to both types of 
operation, and essential to their successful per- 
formance, is the use of the left auricular ap- 
pendage as the avenue of approach. The essential 
difference between Bailey’s and Harken’s technics 
consists in their attitude toward the use of a 
knife-like instrument for cutting the stenosis 
open. Harken principally prefers to use the 
index finger to rupture the fused commissures 
of the mitral valve and resorts to some sort 
of instrument only when this is difficult or 
impossible, as in type 1 mitral stenosis. Bailey, 
on the contrary, prefers to use a valvulotome and 
has found that the best use of the knife is to 
make several small cuts through the adhesions 
along the commissure until an incision of satis- 
factory length has been accomplished. Both 
authors cite several reasons to support their 
ideas about the proper technic. The results in 
large series from both groups have been similar 
and the differences in technic may be more ap- 
parent than real.*:*.** We prefer using the finger 
fracture technic, first dilating the anterior com- 
missure and only infrequently resort to a 
valvulotome. 

Selection of Patients and Results. When the 
recent era of mitral surgery started, patients 
with severe symptoms and advanced lesions 
were, for the most part, operated upon. As soon 
as experience showed that it was possible to 
make a satisfactory opening of the stenosed 
mitral valve without a high mortality, the 
indications were extended to patients with less 
advanced disease. It was soon found that the 
mortality rate in connection with the operation 
showed significant correlation with the severity 
of the disease, milder degrees of the heart lesion 
having a lower mortality. This has caused many 
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to include even moderate or mild cases among 
those to be recommended to surgery. 

As for the criteria for selection of suitable pa- 
tients for operation, most groups now use about 
the same indications. 32, 33,35, 40, 45, 46,45, 
63, 67,71.74.77.51 Differences of opinion as to when to 
operate and when not to operate are rather 
small. The patients are usually classified more or 
less according to the severity of symptoms and 
signs—sometimes including the findings at 
catheterization of the heart—and operation is 
advised in all except those with little symptoms 
or with complicating diseases. Some try to decide 
before operation whether the mitral valve is 
amenable to successful operation or not, and 
attempt to assess the state of the valve also.” 
Most surgeons, however, do not think it possible 
to predict the condition of the valve until the 
auricle is opened and the valve is accessible to 
palpation. '* 

A classification of patients with mitral stenosis 
as to suitability for operation has been proposed 
by several surgeons, differing in the terms used 
rather than in principles. Group 1 comprises the 
benign or asymptomatic cases, Group 2 the 
statically handicapped, Group 3 those with 
progressive symptoms and Group 4 those in the 
terminal stages of disease. This grouping should 
not be confused with the one advocated by the 
New York Heart Association, as there is a con- 
siderable difference in principles although some 
overlapping occurs between the groups of the 
two different systems. 

The patients belonging to Group 1 have the 
characteristic physical signs of mitral stenosis but 
exhibit no symptoms. In the Stockholm experi- 
ence this type of patient is not uncommon. 
(Table 1.) Hemodynamically, the patients in this 
group are characterized by normal blood flow 
and normal pressures in the pulmonary circuit at 
rest, except for a small presystolic pressure 
rise in the pulmonary capillary venous pressure 
curve.*? It should be pointed out that a patient 
may remain in this group throughout life. The 
disease is by no means always progressive and 
many patients reach old age without untoward 
symptoms. It is generally agreed that patients 
belonging to this group should not be operated 
upon. This group corresponds roughly to Classes 
1 and 11 of the New York Heart Association. 

The patients classified as statically incapaci- 
tated, Group 2, usually are on the borderline 
between the New York Heart Association’s 
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Classes 1 and m1. They reach a level of dyspnea 
and fatigue on effort which is not disabling, and 
remain at this level. During the first years of 
mitral surgery most surgeons did not want to 
operate upon patients in this group but with 
increased experience many now advocate surgical 
treatment for these patients. The rationale for 
operation is prevention of progression of the 
disease. The operative mortality rate in this 
group is very low, which makes the operation 
still more attractive for the surgeon. It is, how- 
ever, unlikely that surgical intervention prevents 


all progression of the disease and many of these 


stationary cases do not progress anyhow. It 
therefore seems a better policy to follow patients 
in this group carefully and frequently and to 
refer them for operation as soon as they show 
signs of a downhill course. 

Patients who slowly deteriorate despite ap- 
propriate medical therapy belong to Group 3. 
Dyspnea, orthopnea, cough and ease of fati- 
gability increase, and the patients begin to 
experience difficulties as soon as they exert 
themselves. They then correspond to the defini- 
tion used for Class m of New York Heart 
Association. Hemodynamically, the pressures in 
the pulmonary circuit are markedly elevated and 
the cardiac output tends to be low. The progres- 
sive character of the disability constitutes a 
definite indication for surgery. The life expect- 
ancy for these patients is uncertain and operation 
should be performed as soon as the progressive 
pattern becomes clear. The patient most ap- 
propriate for surgical intervention has had 
episodes of pulmonary edema or gross hemopty- 
ses or both, and has a relatively normal-sized 
heart. The right ventricle easily transports 
blood into the lungs even during the increased 
demands of exercise but the blood cannot be 
removed through the stenotic mitral orifice with 
the same ease. 

The patients that are in the terminal stages of 
disease are placed in Group 4. They have severe 
symptoms even at rest (Class tv, New York Heart 
Association) and have usually been or are in 
right heart failure. The heart is grossly enlarged. 
The risk of operation in these patients is great 
and the operative mortality rate has ranged 
between 20 and 40 per cent. On the other hand, 
some patients may have marked benefit from 
valvulotomy and the opinion has been expressed 
that no patient should be denied surgery because 
the disease has progressed too far. It is the 
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responsibility of physicians to send patients to 
operation before they reach this stage. 

It is thus generally agreed that the most 
suitable candidates for surgical treatment are 
those with marked mitral stenosis, with little or 
no evident regurgitation, and with manifest 


TABLE 
HEMODYNAMIC FINDINGS BEFORE AND AFTER 
COMMISSUROTOMY * 


Mean Blood Pressures 


A-V O2 | Cardiac | Pulse — 
State Difference Index Rate | 
(ml./L.) 


RAT PA!) PCV | BA 


I 
Preoperative 45 


3.0 89 2 45 25 90 

Postoperative 36 3.9 92 1 25 12 92 

Preoperative 43 3.2 74 2 27 19 | 85 

Postoperative 46 3.0 85 1 25 17 90 


* Series includes nineteen patients with marked postoperative im- 
provement (1) and eleven patients with slight or no improvement after 
the operation (11). The postoperative studies were performed about six 
weeks after the operation. The patients in the improved group have 
shown continued clinical improvement up to three years after the 
operation. 

t Symbols as in Table 1. 


signs and symptoms of pulmonary congestion— 
exertional or paroxysmal dyspnea, cough, pul- 
monary edema or hemoptysis. The smaller the 
heart, the better the outlook. Those with large 
hearts and chronic congestive failure are poor 
risks and are unlikely to benefit significantly 
from surgery. Auricular fibrillation or previous 
embolism increases the hazard slightly but are 
no contraindication per se. On the contrary, 
some consider arterial embolism to be a definite 
indication for surgery, as the risk for subsequent 
emboli is less after operation. It is unlikely, 
except in special instances, that substantial 
benefit can be gained for patients beyond fifty 
years of age. Dexter and his associates have, 
however, seen several patients beyond the age 
of sixty? and Janton, Glover and O’ Neill report 
successful surgery in thirty-five patients between 
fifty and sixty years of age with only 8.5 per cent 
mortality. 

Contraindications to surgery are few: subacute 
bacterial endocarditis and intractable congestive 
heart failure. Most authorities also consider 
rheumatic activity a contraindication but Dexter 
states that activity is more easily coped with if 
the stenosis is relieved.*™ It is also difficult to 
define what is meant by rheumatic activity in 
view of the high frequency of Aschoff nodules in 
atrial biopsies taken at operation in patients 


who were considered on routine clinical and 
laboratory studies to be free of rheumatic 
activity.* 

The diagnosis of complicating valvular lesions 
is not always as easy as it ought to be, especially 
in patients with severe symptoms and marked 
enlargement of the heart.**:*' Some patients with 
marked mitral incompetence or disabling aortic 
stenosis have therefore been operated upon, 
without any improvement. Mild degrees of 
involvement of other valves is of little importance 
as long as the stenosed mitral valve is mainly 
responsible for the patient's disability. 

Mitral commissurotomy is now a routine 
procedure. Reports of the results of operation 
have been published from a great many centers. 
Most of the reports are concerned only with a 
clinical follow-up study but some also contain 
postoperative hemodynamic studies. All reports 
demonstrate the marked improvement obtained 
in the majority of patients, whether the opinion 
is based on clinical impression or exact hemo- 
dynamic studies. There is, of course, some 
difference in the exact percentage of patients 
improved but all reports indicate that about 60- 
70 per cent of operated patients are improved 
and many include some patients in whom im- 
provement has been striking, life-saving or 
otherwise spectacular. Long-term follow-up 
studies are largely lacking but the largest series 
of cases followed for the longest time indicates 
that benefit from the operation may last for more 
than five years in the majority of patients. 

The mortality rate differs greatly in different 
patient groups, being only 3 per cent in Group 2, 
10 per cent in group 3 and 30 per cent in Group 
4 patients.*' The lowest mortality rates have 
been attained by those surgeons who have 
operated upon the largest number of patients. 

Table u shows the results of hemodynamic 
studies before and after valvuloplasty in a 
Stockholm series. Sixty per cent were considered 
improved, some patients markedly so. In these 
patients subjective improvement has lasted up to 
three years. 

The general consensus thus is that patients 
with pure mitral stenosis without right heart 
failure or bacterial endocarditis and with 
progressing symptoms should be operated upon. 
No patient should be denied operation because 
of the severity of the disease, as long as it is 
not complicated by other valvular lesions of 
hemodynamic importance. 

There are several sequelae of the rheumatic 
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inflammation of the leaflets and chordae ten- 
dineae that may give rise to incompetence of the 
mitral valve: rigidity of the margins preventing the 
closure of the valve; shortening of one or both 
cusps so that they cannot meet; rupture of 
chordae, or shortening of the chordae tendineae 
with increasing or decreasing mobility of the 
leaflets; and, finally, dilatation of the atrio- 
ventricular ring are some anatomic features that 
contribute to incompetence of the valve. 

Brock has described three forms of mitral 
incompetence: (1) A small regurgitant stream 
occurring from a small, grossly stenosed orifice. 
In this case the stenosis is the main disability 
and the incompetence may be corrected when 
the valve is freed. (2) A moderately large 
regurgitant stream occurring from a narrow 
but not grossly stenosed orifice. This type is 
common and represents the most severe grades 
of damage to the valve by rheumatic infection. 
(3) A powerful current of blood escapes through 
a large orifice in ventricular systole. No stenosis 
is present. This form is due to the additive effect 
of marked dilatation of the mitral ring super- 
imposed upon damage on the leaflets or rheu- 
matic infection. 

Mitral incompetence causes a regurgitation of 
blood into the auricle during left ventricular 
contraction. Instead of the normal fall in left 
atrial pressure in early systole, due to left 
ventricular emptying and the downward move- 
ment of the atrioventricular ring, there is a rise of 
pressure in the left atrium that propagates 
through the veins back into the pulmonary 
capillaries, with paradoxic fluoroscopic pulsa- 
tion of the left atrium and a corresponding wave 
in the electrokymogram. The compensatory 
mechanisms that come into play in the sudden 
creation of a mitral leak were studied by Wiggers 
and Feil in 1922 by recording pressure pulses in 
the left atrium and ventricle. They showed that 
the major elevation of left atrial pressure 
and the regurgitation occur simultaneously with 
discharge of blood into the aorta. They also 
demonstrated that the volume of regurgitation 
is conditioned not only by the size of the leak and 
the mean pressure in the ventricle, but also by 
the velocity of tension development during 
isometric contraction. Thus more blood regurgi- 
tates when ventricular contractions become 
hypodynamic.”® 

Mitral insufficiency, therefore, is dangerous 
not only by virtue of the circulatory changes 
induced as a result of the valvular deficiency 
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but also because of the constant vulnerability to 
decompensation from any cause which weakens 
ventricular contraction. 

Experimentally, 50 per cent of the left ventric- 
ular stroke volume may be regurgitant into the 
left atrium, yet allow a normal left ventricular 
output. In dogs, experimental acute mitral 
insufficiency causes a rise in the left atrial pres- 
sure and slight increases in right ventricular and 
pulmonary arterial pressures, but no change in 
cardiac output or arterial pressure and no 
cardiac decompensation. 

With the discharge of blood in two directions, 
mitral regurgitation results in increased work for 
both ventricles to maintain a normal blood 
flow. Since resistance is not increased the strain 
on the left ventricle is less than in arterial 
hypertension or aortic stenosis. Heart failure is 
uncommon if mitral stenosis is not also present 
and is usually precipitated by active myocarditis. 

Mitral incompetence may occur as a symptom- 
less disease, with only slight enlargement of the 
left ventricle, an apical systolic murmur and 
normal pulmonary circulation at rest and during 
moderate exercise. (Fig. 5A.) When this slight 
degree of incompetence is combined with 
stenosis the hemodynamic sequelae of the latter 
lesion dominate the picture. This corresponds to 
the first anatomic form described by Brock." 

In free regurgitation, corresponding to the 
third form, the heart is markedly enlarged, the 
pulmonary arterial and pulmonary capillary 
venous pressure are moderately increased and the 
effective cardiac output is normal. (Fig. 5B.) 
Even with marked enlargement of the heart the 
symptoms at rest are slight but increase sharply 
with exercise. When left ventricular failure 
supervenes, which may occur late in the course 
of the disease, the output decreases and the 
pressures in the pulmonary circuit increase 
further. 

Gorlin and coworkers studied the pulmonary 
circulation in eleven patients with combined 
stenosis and incompetence of the mitral valve 
and one patient with pure mitral insufficiency. 
They concluded that mitral incompetence in 
the absence of co-existent stenosis or left ventric- 
ular failure is characterized by fatigability 
instead of by dyspnea, frequent absence of 
hepatomegaly and edema, an apical systolic 
murmur, auricular fibrillation, an invariably 
enlarged left atrium by fluoroscopy (often 
with paradoxic pulsation) and, not uncommonly, 
absence of any ventricular preponderance by 
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5A 
Fic. 5. A, phonocardiogram, brachial arterial and pulmonary capillary venous pressure in a patient with mitral 
incompetence without any incapacitating symptoms. The pulmonary capillary venous pressure shows a marked 
V-wave but is otherwise normal. B, pulmonary arterial, capillary venous and right auricular pressure in a patient 
with rheumatic mitral incompetence with progressive pulmonary symptoms. Note the high V-wave and high mean 
pressure of the pulmonary capillary venous pressure. Cardiac output was normal at rest but failed to increase during 
exercise. 


electrocardiogram. When left ventricular hyper- 
trophy was present, it usually indicated severe 
regurgitation. 

In the presence of mitral stenosis, incom- 
petence can be suspected from a history of more 
fatigue and less dyspnea, absence of major 
congestive phenomena, the presence of a pulsat- 
ing left atrium, and the type of ventricular 
hypertrophy by electrocardiogram. ** 

Surgical correction of a leaking valve is much 
more difficult than the opening of a stenosed 
valve orifice and less satisfactory results have 
been obtained in the attempts to correct an 
incompetent mitral valve. As early as in 1938 
Murray reported partial correction of experi- 
mentally created mitral incompetence by means 
of transventricularly positioned autogenous free 
vein grafts. This method was used in a few 
patients.® Bailey and associates have described 
an adaptation of this method, using a pericardial 
pedicle instead of vein grafts. These grafts thus 
act as flap-valves, preventing most of the regurgi- 
tation. Bailey and his colleagues have had some 
successful cases with this method but others do 
not consider it sound.'® Plastic valves have been 
suggested by Denton and Harken but the 


“4 q 
| 

Ri iJ + - 
2 seu 

i imi : we 

4 4 


results of their use in patients have not been 

Of all the methods suggested and in some cases 
attempted in the surgical treatment of the 
various valvular lesions caused by rheumatic 
fever, other infectious diseases or of congenital 
origin, only the valvulotomies for mitral stenosis 
and pulmonary stenosis, respectively, have given 
results that have established them as suitable for 
use in the practical work of treating patients. 
They are also the only operations that do not 
carry an undue mortality rate and are technically 
easy enough to be recommended for general use. 

The feverish activity that now characterizes 
the field of research in pump-oxygenator 
mechanisms for extracorporeal circulation prom- 
ises results that may be transferred to the operat- 
ing room, '®-2!-26.29.42.55.58.68.78 As soon as it is 
possible to operate in the heart, when the blood 
is propagated by some other mechanism, and the 
bloodless heart is open to inspection, even for a 
short period, reconstruction of damaged valves 
will be carried out by technics completely dif- 
ferent from those now suggested. This time is 
perhaps not far off. It is possible that success will 
be attained more easily if the metabolic demands 
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of the body simultaneously can be diminished 
by hypothermia.*’*° With the use of extra- 
corporeal oxygenation and circulation, perhaps 
combined with hypothermia, heart surgery 
will enter a new era and operative methods now 
impossible to conceive will add to the possibilities 
of treatment in patients with rheumatic heart 
disease. 
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Clinical and Laboratory Manifestations 
of the Postcommissurotomy Syndrome’ 


SAMUEL K. ELsrer, M.D.,— HARRISON F. Woop, M.p. and Ropert D. SEELY, 
New York, New York 


ITRAL Commissurotomy has become a 
widely accepted procedure for the 
alleviation of mitral stenosis of rheu- 

matic origin.'~* One of the more frequent and 
puzzling complications of this operation, the 
‘““postcommissurotomy syndrome,”?—!* has ‘{not 
received the attention it deserves, and is the 
subject of this report. 

The postcommissurotomy syndrome is char- 
acterized clinically by chest pain, fever and 
cough, often with signs of pleuritis and peri- 
carditis. It has appeared as early as ten days after 
operation and has recurred as late as fourteen 
months postoperatively.’® Its incidence varied 
from 10 to 30 per cent in different reports.7:*:!!-!* 
It does not appear to be due to acute rheumatic 
fever, bacterial infection, pulmonary infarction 
or the direct trauma of surgery alone. A similar 
complication has not been observed following 
cardiac or thoracic surgical procedures in non- 
rheumatic patients. 

In the present report the clinical and labora- 
tory manifestations of the postcommissurotomy 
syndrome are analyzed in order to delineate the 
syndrome more adequately and, if possible, to 
determine the factors responsible for it. 


MATERIALS AND METHODS 

The sixteen patients comprising this study 
were selected from the Medical and Surgical 
Services of The Mount Sinai Hospital. They 
ranged in age from twenty-one to forty-six 
years. Eleven were women and five were men; 
thirteen were white and three were Negro. In 
each patient the indication for mitral com- 
missurotomy was hemodynamically significant 
mitral stenosis with myocardial insufficiency 
of varying degree. In addition to mitral stenosis, 
two patients had associated mitral insufficiency 


and three had probable mild aortic insufficiency. 
All patients were carefully selected so that none 
was operated upon who had overt acute rheu- 
matic fever or suspicion of even moderate 
rheumatic activity. 

In addition to the clinical examination, pre- 
operative evaluation included appropriate roent- 
genographic, electrocardiographic and cardiac 
catheterization studies. Urine examination, 
complete blood count, erythrocyte sedimenta- 
tion rate (Westergren), antistreptolysin-O'* and 
C-reactive protein determinations were made in 
each instance. 

At operation§ the pericardium was opened, 
the left auricular appendage amputated and a 
finger-fracture commissurotomy accomplished 
through the atrial orifice. The auricular stump 
was Closed with silk sutures; the pericardium was 
loosely closed with interrupted silk sutures, al- 
lowing for free drainage between the pericardial 
sac and the left pleural space. Postoperatively 
penicillin alone or with dihydrostreptomycin was 
administered. The patients were observed post- 
operatively in the hospital for periods varying 
from thirteen to eighty-five days. After discharge 
from the hospital follow-up examinations were 
carried out at intervals varying from semi-weekly 
to as infrequently as once in four months. The 
shortest follow-up reported is two weeks, the 
longest fifteen months. The patients were in- 
structed to report any symptoms suggestive of the 
postcommissurotomy syndrome. If the syndrome 
whether severe or mild, developed the patients 
were hospitalized, and they were then observed 
closely in the Adult Rheumatic Cardiac Clinic of 
The Mount Sinai Hospital. During episodes of 

§ The operative procedures were performed by Drs. 
M. M. Ravitch, A. Himmelstein, L. Blum and R. 
Nabatoff. 


* From the Department of Medicine, The Mount Sinai Hospital, and the Hospital of the Rockefeller Institute for 
Medical Research, New York, N. Y. 
t Elsa and William Menke Fellow in Medicine. 
t Sarah Welt Fellow in Medicine. 


826 AMERICAN JOURNAL OF MEDICINE 


Postcommissurotomy Syndrome—FElster et al. 


the postcommissurotomy syndrome our studies 
included white blood count, erythrocyte sedi- 
mentation rate, antistreptolysin-O determina- 
tions, blood cultures, nasopharyngeal cultures, 
chest x-rays and electrocardiograms. 

The C-reactive protein (CRP) determination 
was a point of special interest in this study. Post- 
operatively, samples of blood for this determina- 
tion were taken daily for one week, thereafter 
three times weekly during the remainder of the 
hospital stay, and at each Clinic visit following 
discharge from the hospital. During episodes of 
the postcommissurotomy syndrome samples of 
blood were taken daily in many instances, 
although in some patients only sporadic blood 
samples were available. The blood was analyzed 
for the presence of C-reactive protein according 
to the method of Anderson and McCarty;'® 
1.5 cm. of antiserum to C-reactive protein and an 
equal amount of the patient’s serum were drawn 
into a capillary tube (0.7 to 1.0 mm. outside 
diameter), the tube was incubated at 37°c. for 
two hours and then refrigerated at 4°c. over- 
night. When no visible precipitate was present, 
the test was considered negative. Each millimeter 
of precipitate was considered 1 plus; the maxi- 
mum precipitation was designated 8 plus. 


RESULTS 


Incidence and Duration. Sixteen patients have 
been followed up for periods from two weeks 
to fifteen months after commissurotomy. (Table 
1.) Ten of the sixteen patients developed the post- 
commissurotomy syndrome, of whom _ seven 
had multiple attacks. (Table u.) In all, twenty- 
two episodes occurred. One patient had four 
attacks, the last occurring seven months follow- 
ing the operative procedure. Fourteen of the 
twenty-two attacks occurred within two months 
following surgery; five were delayed as long as 
four to seven months. (Table m1.) Twelve of the 
attacks lasted less than a week, seven lasted one 
to two weeks and three were prolonged up to 
three weeks. All patients recovered from the ill- 
ness without any known sequelae. 

Symptoms (Table tv). The onset of the post- 
commissurotomy syndrome was usually abrupt 
and was signaled by the appearance of chest 
pain. In all but three instances the patient was 
afebrile and asymptomatic preceding onset of 
the illness; in the three exceptions the post- 
commissurotomy syndrome was continuous with 
the immediate postoperative period. The ap- 
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pearance of this syndrome was not related to the 
occurrence of postoperative pericardial friction 
rubs, which were noted in eight instances. Of 
these latter, only four developed the postcom- 
missurotomy syndrome. Nor did the develop- 
ment of left hemothorax or postoperative 


TABLE 
POSTOPERATIVE FOLLOW-UP OF SIXTEEN PATIENTS AFTER 
MITRAL COMMISSUROTOMY 


No. of Months No. of Patients 
0-1 2 
1-3 3 
4-6 3 
7-12 5 
12-15 3 


TABLE 
RECURRENCES OF POSTCOMMISSUROTOMY SYNDROME 
No. of Attacks No. of Patients 


TABLE 
ONSET OF POSTCOMMISSUROTOMY SYNDROME AFTER SURGERY 


No. of Months No. of Patients 
0-1 7 
1-2 7 
2-4 3 
4-7 5 
TABLE IV 


SYMPTOMS OF POSTCOMMISSUROTOMY SYNDROME 
TWENTY-TWO EPISODES IN TEN PATIENTS 


Symptom No. of Episodes 

22 

chest pain. 14 

Right chest pain. ................ 4 

Bilateral chest pain.............. 4 

Aggravation by respiration. ....... 13 

Radiation to shoulder............ 7 

Radiation to elbow.............. 1 


incisural pain predispose to the postcommis- 
surotomy syndrome. 

The pain was described most commonly as 
sharp, stinging, cutting or knife-like. It was 
usually present on the left side but was occas- 
sionally right-sided or bilateral. Radiation to the 
left shoulder was not infrequent. In most in- 
stances the pain was aggravated by respiration, 
cough or twisting of the trunk and evoked a sense 
of shortness of breath limiting respiratory 
excursion. In two cases the pain was maximal 
substernally with radiation to the left anterior 
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chest. In both instances swallowing aggravated 
the pain and relief was afforded when the patient 
assumed the upright position and leaned for- 
ward. In most patients the pain persisted with- 
out interruption for hours or days and recurred 
throughout the period of the illness. Most effec- 


TABLE V 
PHYSICAL SIGNS OF POSTCOMMiSSUROTOMY SYNDROME 
FOURTEEN EPISODES IN NINE PATIENTS 


Physical Sign No. of Episodes 
Lungs: 

3 

2 

Pleural friction rubs...................... 5 

Paroxysmal auricular fibrillation... 1 

Pericardial friction rub........... 1 

Pericardial effusion.............. 2 


tive relief was afforded by salicylates. In some 
patients morphine or demerol® was required. 

In twenty-one instances fever was noted 
coincident with the onset of pain. Daily spiking 
levels of 102° and 104°r. often occurred, with 
sweating and flushing. Chills and _ chilliness 
were usually absent. The fever usually remitted 
with subsidence of the pain. 

Other symptoms were secondary in import- 
ance to the pain and fever. Cough, dyspnea and 
hemoptysis occurred in only four instances. 
In such cases cough persisted for days and was 
non-productive. Dyspnea was usually attributa- 
ble to the diminished respiration secondary to 
the chest pain. Diuretic therapy failed to modify 
the cough and dyspnea, which subsided with 
disappearance of the chest pain. There was, 
however, one instance of frank pulmonary 
congestion associated with paroxysmal auricular 
fibrillation requiring vigorous measures for 
control of the congestive heart failure. When 
hemoptysis appeared, it lasted less than twenty- 
four hours. All patients with hemoptysis during 
the postcommissurotomy syndrome had ex- 
perienced this symptom prominently before 
commissurotomy. 

Migratory arthralgias occurred in four pa- 
tients and were associated with myalgias of the 
arms and legs, persisting only one or two days, in 
two cases. There were no untoward psychologic 
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reactions in any patients; in a few who were ill for 
a prolonged time, mild mental depression 
appeared. 

Physical Signs (Table v). Despite the high 
fever and severe chest pain, none of these pa- 
tients appeared critically ill. The most striking 


TABLE VI 
LABORATORY DATA OF POSTGOMMISSUROTOMY SYNDROME 
| No. of 
Laboratory Test 
Studied 
mal 
‘Test 
Rapid erythrocyte sedimentation 
Elevated antistreptolysin-O....... 8 | 
Electrocardiographic changes... . 12 2 
14 
Left pleural effusion........... 
Bilateral pleural effusions... . . 2 
Pericardial effusion............ 2 
Bacteriologic studies: 
Blood culture................. 6 0 
Pleural fluid cultures........... 2 0 


findings on examination were in the lungs. Rales, 
mostly left-sided, were usually inspiratory, 
medium, moist and “‘sticky’’; they were located 
in the lower half of the lung posteriorly, extend- 
ing into the axillas. Alterations of breath sounds 
were frequently present but no discrete pattern 
was noted. Pleural effusions occurred, persisted 
for days or weeks and often remained long after 
remission of the clinical symptomatology. Re- 
absorption of the pleural effusions was spon- 
taneous in most cases but thoracentesis was 
necessary on several occasions. In general, the 
cardiac findings were meager. Tachycardia 
was common, either regular sinus tachycardia 
or, if the basic rhythm was auricular fibrillation, 
an irregular but rapid ventricular response. In 
one instance paroxysmal auricular fibrillation 
appeared but could be readily controlled with 
digitalis and disappeared within three days. 
Pericardial effusions were detected by physical 
signs in two patients; in one of them a pericardial 
friction rub was noted, which recurred inter- 
mittently for several weeks following remission of 
the pain and fever but did not develop into 
cardiac tamponade, hence pericardial tap was 
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Fic. 1. Aschoff bodies in left auricular myocardium, demonstrating typical 


cellular morphology. 


Fic. 2. Aschoff body in left auricular myocardium, demonstrating fibrinoid 


changes of connective tissue. 


not attempted. The heart sounds were of normal 
or slightly diminished intensity, there were no 
changes in the character of the cardiac mur- 
murs, and gallop rhythm was absent. 

In one case moderate swelling and tenderness 
of the wrist was observed on the first day of the 
postcommissurotomy syndrome, subsiding within 
twelve hours following institution of salicylate 
therapy. No other evidence of arthritis was 
encountered. Skin eruptions and subcutaneous 
nodules were not present. 

Laboratory Data (Table vi). Anemia was 
uniformly absent. The white blood count was 
elevated in seven of twelve patients, in four of 
whom levels between 13,000 and 16,000 were 
noted. The sedimentation rate was elevated in 
nine cases, markedly in seven. Electrocardio- 
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graphic studies revealed paroxysmal auricular 
fibrillation in one case. In another case progres- 
sive S-T segment and T wave changes indica- 
tive of acute pericarditis were noted. In the 
remainder only minor and non-progressive T 
wave alterations of a non-specific nature were 
observed. Radiographic studies of the chest were 
carried out in fourteen instances of the post- 
commissurotomy syndrome but characteristic 
pericardial effusion was found only twice. No 
well defined changes in cardiac size and shape 
were observed in the remaining cases. Pleural 
effusions were noted in eleven instances. Pul- 
monary infiltrations were absent; no findings 
consistent with pneumonia or pulmonary in- 
farction were seen. 

Pleural fluid obtained from two _ patients 


4 
1 
. 
7 
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showed the characteristics of an exudate. In one, 
lymphocytes were predominant, and in the 
other, eosinophils. Bacteriologic cultures of 
blood and pleural fluid were sterile. 

Data Pertaining to “‘Rheumatic Activity.” Fif- 
teen of the patients in this series had auricular 


TABLE VII 
RELATION, OF POSTCOMMISSUROTOMY SYNDROME TO THE 
PRESENCE OF ASCHOFF BODIES IN AURICULAR BIOPSIES 
AND TO PREOPERATIVE C-REACTIVE PROTEIN AND 
ANTISTREPTOLYSIN-O DETERMINATIONS 


Ele- | Elevated 
Posi- | vated Pre- 
No. tive Pre- | opera- 
‘| Bi- | oper- | tive Anti- 
opsy ative | streptoly- 
CRP sin-O 
Patients with post- 
commissurotomy 
syndrome.......... 9 5 3 4 
Patients without post- 
commissurotomy 
syndrome........... 6 4 1 1 


biopsies performed at the time of surgery. Care- 
ful examination of these appendages for Aschoff 
bodies, inflammatory reaction, fibrosis and 
muscular changes was made. The ‘“Aschoff 
body,” the characteristic lesion of rheumatic 
activity, is defined’® as containing ‘‘evidences of 
disorganization in the fibrous tissue in which it 
occurs, the collagenous fibers showing swelling, 
eosinophilia, granular degeneration or necrosis. 
The degenerative change is accompanied by a 
rather special sort of inflammatory infiltrate 
in which large, irregular cells with ragged edges, 
basophilic cytoplasm and one or more vesicular 
nuclei with ‘“‘owl-eyed”’ nucleoli are present. 
In addition, various other less characteristic 
inflammatory cells may be present, for instance, 
lymphocytes, plasma cells and _ histiocytes.” 
Such lesions (Figs. 1 and 2) occurred in five of 
nine patients who developed the postcommis- 
surotomy syndrome. Of the six patients who did 
not develop the postcommissurotomy syndrome, 
four had biopsies containing ‘‘Aschoff bodies.”’ 
(Table vu.) Thus the presence of pathologic 
stigmata of rheumatic activity, as represented by 
Aschoff bodies in the auricular appendages, 
bore no relation to the development of the post- 
commissurotomy syndrome. 

The presence preoperatively of C-reactive 
protein in the patient’s blood or of an elevated 
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antistreptolysin-O test did not correlate with 
the subsequent appearance of the postcommis- 
surotomy syndrome. The preoperative C-reactive 
protein determination was positive in three 
of nine patients who developed the postcom- 
missurotomy syndrome, as compared to one 
positive in six patients who remained well. Four 
patients of nine who later developed the post- 
commissurotomy syndrome had elevated pre- 
operative antistreptolysin-O values whereas only 
one of the remaining six was elevated. Conclu- 
sions are not warranted because of the small 
numbers involved, but these findings would 
suggest that no positive correlation exists be- 
tween these tests and occurrence of the post- 
commissurotomy syndrome. 

Antistreptolysin-O determinations were per- 
formed in eight episodes of the postcommis- 
surotomy syndrome. Of these only one showed 
serial elevations significantly greater than the 
preoperative level. The other cases demonstrated 
no significant changes during the illness. 

The most constant and most sensitive labora- 
tory index of the postcommissurotomy syndrome 
was the appearance of C-reactive protein in the 
serum. This abnormal protein was demonstrated 
in fourteen of sixteen episodes. Of the remaining 
two, in one case only a single determination was 
made, on the second day of the illness when the 
patient was receiving salicylates. In the second 
instance the C-reactive protein was absent from a 
single blood specimen obtained on the fourth 
day of the illness while the patient was asympto- 
matic. In all other cases studied the C-reactive 
protein was an accurate indicator of the presence 
of the postcommissurotomy syndrome. 

The C-reactive protein appeared in the blood 
within twenty-four hours after the onset of 
clinical manifestations. Blood was obtained 
in eight cases within seventy-two hours; in the 
remaining six it was not available for one to two 
weeks. Variations in the level of the C-reactive 
protein often mirrored the clinical fluctuations of 
pain and fever (see case reports); however, the 
maximum level of C-reactive protein in the 
blood (Table vi) was not a good index of the 
severity of the illness. Changes of the level 
generally were useful in predicting the decline of 
pain, fever and physical signs but occasionally 
the C-reactive protein was found to persist in the 
blood of patients for a variable period following 
remission of fever and pain. In one Case it per- 
sisted four weeks. (Table 1x.) Changes of the level 
of the C-reactive protein occurred quickly and 
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more accurately reflected the changing clinical 
state than did the erythrocyte sedimentation 
rate and the white blood count. The erythrocyte 
sedimentation rate often remained elevated for 
months following disappearance of the post- 
commissurotomy syndrome, long after the C-re- 


TABLE Vil 
MAXIMUM TITER OF C-REACTIVE PROTEIN DURING 
POSTCOMMISSUROTOMY SYNDROME 


Titer No. of Patients 
TABLE IX 


PERSISTENCE OF C-REACTIVE PROTEIN FOLLOWING ONSET OF 
POSTCOMMISSUROTOMY SYNDROME 


Days No. of Patients 
8-14 4 
15-21 5 
22-48 4 
TABLE X 
ANTIBIOTIC PROPHYLAXIS OF THE POSTCOMMISSUROTOMY 
SYNDROME 
| With Without 
No. Prophy- Prophy- 
laxis laxis 
Episodes of postcommis- | 
surotomy syndrome..... 22 11 11 
Patients without postcom- | | 
missurotomy syndrome... 4 2 


active protein was absent from the patient’s 
blood. The application of the C-reactive protein 
determination for aid in diagnosis and manage- 
ment of the postcommissurotomy syndrome is 
illustrated in the appended case reports. 

Chemoprophylaxis. Antibiotic prophylaxis was 
instituted in many Cases postoperatively in order 
to determine whether development of the post- 
commissurotomy syndrome could thereby be 
prevented. Upon discharge from the hospital 
many patients were instructed to take oral 
buffered penicillin K tablets in doses of 200,000 
units daily, and this was continued for six 
months postoperatively. One patient received 
gantrisin,® 1.0 gm. daily. As shown in Table x, 
chemoprophylaxis did not seem to modify the 
development of the postcommissurotomy syn- 
drome. There was no apparent difference in the 
character, intensity or duration of the illness 
whether or not penicillin was received prior to 
its onset. 
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Aspirin in doses of 2.4 gm. daily was admin- 
istered for periods of four weeks to six months 
postoperatively to five patients. In some in- 
stances salicylates were given after a first episode 
of the postcommissurotomy syndrome. No 
untoward effects resulted. In four patients signs 


Antibiotics only 


Salicylates only 
GB Antibiotics + salicylates 


5-7 8-14 15-21 
Duration of iliness 


Fic. 3. Treatment and duration of postcommissurotomy 
syndrome. 


4 


and symptoms of the postcommissurotomy 
syndrome failed to appear. One patient (E. C.) 
had a typical episode of the postcommissurotomy 
syndrome one month after institution of aspirin 
therapy, but increase of the dose of aspirin from 
2.4 to 3.6 gm. daily resulted in rapid subsidence 
of the symptomatology. 

These preliminary observations concerning 
the effects of aspirin are sufficiently encouraging 
to warrant the recommendation that it be used 
more widely for suppression of the postcom- 
missurotomy syndrome. 

Treatment. Evaluation of therapeutic meas- 
ures in the postcommissurotomy syndrome is 
difficult because of the variability in duration of 
each episode. Treatment was given in twenty- 
one of the twenty-two episodes of the post- 
commissurotomy syndrome. Figure 3 records 
the relation between treatment and the duration 
of the postcommissurotomy syndrome. In six 
instances antibiotics only were administered; 
penicillin, streptomycin, aureomycin, terra- 
mycin,® erythromycin and gantrisin were used, 
either alone or in combination. These drugs did 
not appear to modify the course of the illness. 

In nine instances salicylates alone were ad- 
ministered. In the earlier cases salicylates were 
not given until after a period of observation, 
whereas later the drug was instituted within 
twenty-four hours of onset of the illness. Prompt 
amelioration of pain and fever resulted and the 
duration of these episodes of the postcommis- 
surotomy syndrome appeared to be distinctly 
abbreviated. Salicylates also seemed to ac- 
celerate the disappearance of C-reactive protein 
from the patient’s blood. (Figs. 4 and 5.) 
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Six patients received a combination of anti- 
biotics plus salicylates. In most of these cases the 
antibiotics were given early in the _ illness; 
and when these failed to modify the course, 
salicylates were administered, often with dra- 


AR. o 2lyrs. Mitral stenosis PCS 


Chest pain | 


5 
(gm 


WBC 
(thousands) [11512 14 12 14 1275 95 
ESR 100 
Westergren 20 
ASO (units) 40 400 500 37 400 
% +44 #65 95 
Days post-operative 
Fic. 4. 
E.C. 0 yrs. Mitral stenosis PCS 
Max. daily 
temp. 
cr) 
98 
Chest pain Hid THT 
CRP 
Aspirin ° 
(gm. /day) 
WBC 06 12 9 875 


Days post-operative 
Fic. 5. 


matic improvement. No patient in this series 
received cortisone or adrenocortical hormone. 
Laboratory Studies of the Immediate Postoperative 
Period. Study of the postoperative courses of 
eighteen patients* after mitral commissurotomy 


* Two additional patients were included for study of 
the laboratory data in the immediate postoperative 


period. 
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and of six patients* following a variety of 
procedures for correction of non-rheumatic 
vascular abnormalities failed to elucidate causes 
for the postcommissurotomy syndrome. The 
postoperative course of the rheumatic patients 


TABLE XI 
STUDY OF IMMEDIATE POSTOPERATIVE PERIOD IN EIGHTEEN 
PATIENTS FOLLOWING MITRAL COMMISSUROTOMY AND SIX 
PATIENTS FOLLOWING CORRECTION OF NON-RHEUMATIC 
CARDIOVASCULAR DISORDERS 


Rheu- 


matic Control 
Heart Group 


Disease (Pa- 
(Pa- tien ts) 
tients) 


Period of observation in hospital | 
(days): | 


(days): 


1 


Postoperative complications: 

Pericardial friction rub......... | 
Left hemothorax.............. | 4 
Paroxysmal auricular fibrillation 3 
Left pleural effusion........... 2 

2 

1 

0 


Right subdeltoid bursitis........ 
Left pleural empyema.......... | 


was more protracted (Table x1); fever persisted 
for longer periods. Antibiotics were freely used 
in both groups. Where data were available the 
white blood count and erythrocyte sedimenta- 


* Three cases of patent ductus arteriosus and one each 
of coarctation of the aorta, tetralogy of Fallot and abdom- 
inal aortic aneurysm. 
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tion rate were generally more elevated in the 
mitral commissurotomy group. 

The C-reactive protein appeared within 
twenty-four hours following surgery in both 
groups. Although no differences in the level of 
C-reactive protein were evident, it persisted for 
longer periods in the rheumatic patients. The 
abnormalities of laboratory data in the rheu- 
matic patients could be ascribed in large measure 
to more numerous postoperative complications. 


CASE REPORTS 


Case 1. A. R., a twenty-one year old Puerto 
Rican man, had acute rheumatic fever at the 
ages of seven and eight. At the age of twenty 
progressive congestive heart failure, manifested 
by dyspnea, orthopnea and ankle edema, ap- 
peared. He was admitted to The Mount Sinai 
Hospital where appropriate cardiac studies were 
performed. Mitral stenosis, with enlargement of 
the left auricle and right ventricle, was demon- 
strated and cardiac catheterization studies 
indicated pulmonary hypertension. Although 
digitalis, salt restriction and diuretics afforded 
some improvement, the patient was readmitted 
to the hospital and finger-fracture mitral com- 
missurotomy was performed. The left auricular 
appendage contained multiple cellular infiltrates 
characteristic of Aschoff bodies. The postopera- 
tive course was uncomplicated, and at the time 
of discharge from the hospital on the thirty-third 
postoperative day the patient was afebrile and 
asymptomatic. Preoperative data concerning the 
antistreptolysin-O and C-reactive protein are 
lacking but it was determined on the day of 
discharge that C-reactive protein was absent 
from his blood. 

The following day sharp, sticking, non-radiat- 
ing left anterior chest pain suddenly appeared. 
Fever of 101°F. ensued; the patient complained 
of sweats, dizziness, nausea and some dyspnea. 
The symptoms persisted and he was readmitted 
to the hospital on the third day. The patient was 
in moderate respiratory distress. Dullness, 
diminished breath sounds and fine moist rales 
were present at the lung bases, more marked 
on the left. A left pleural friction rub was noted. 
The heart was enlarged; the rhythm was regular 
and the rate 120 per minute. The blood pressure 
measured 110/75 mm. mercury. The second 
pulmonic sound was accentuated, reduplicated 
and louder than the second aortic sound. The 
heart sounds were of good intensity. A mid- and 
late diastolic rumbling murmur was heard at the 
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apex, with transmission to the axilla. A coarse, 
grating friction rub was heard throughout systole 
and diastole in the third and fourth intercostal 
spaces to the left of the sternum. There was no 
evidence of cardiac embarrassment or failure. 

Laboratory tests disclosed normal urinary 
findings and a normal hemoglobin. The white 
blood count was 11,000 cells per cu. mm. and the 
erythrocyte sedimentation rate was 50 mm./hour 
(Westergren). Blood cultural studies were sterile. 
Roentgenographically, there was considerable 
increase in cardiac size as compared with 
previous postoperative films, and the amplitude 
of cardiac pulsations was diminished fluoro- 
scopically. Except for the presence of a left 
pleural effusion there were no abnormalities in 
the lungs. The electrocardiogram showed sinus 
tachycardia, right axis deviation and wide 
notched P waves. As compared to previous find- 
ings, the S-T segments in the precordial leads 
were depressed and the T waves inverted. 

Figure 4 illustrates the patient’s course during 
his hospital stay. The temperature rose to levels 
of 103°r. Chest pain persisted, was aggravated 
by respiration, and shifted from the left to the 
right side with radiation to the shoulders. The 
pulmonary signs appeared in one lung and then 
in the other. The pericardial friction rub disap- 
peared but leukocytosis persisted and electro- 
cardiographic changes consistent with the diag- 
nosis of acute pericarditis were noted. Penicillin 
and aureomycin were given and after twelve 
days the fever abated and the patient appeared 
well. 

Despite continued administration of anti- 
biotics, the postcommissurotomy syndrome re- 
curred on the fifty-fifth postoperative day. This 
episode was similar to the preceding attack. 
Antibiotics were discontinued on the fifty- 
eighth postoperative day. The syndrome per- 
sisted and aspirin therapy was instituted five 
days later. Prompt relief of the fever and chest 
pain ensued; the heart size diminished, and 
the pulmonary signs and pleural effusions disap- 
peared. The patient felt well and was allowed 
out of bed, without incident. On the eighty- 
first postoperative day aspirin was discontinued. 
The patient has been afebrile and asymptomatic 
for the ensuing fifteen months. 

Serial C-reactive protein determinations have 
been useful in the management of this patient. 
On the twenty-eighth postoperative day, prior 
to the onset of the postcommissurotomy syn- 
drome, C-reactive protein was absent from the 
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patient’s blood. Large amounts of it appeared 
during the first febrile episode, associated with 
slight increase of the antistreptolysin-O titer. 
The C-reactive protein did not disappear en- 
tirely from the patient’s blood following tem- 
porary subsidence of the first episode of fever. 
Prompt increase of the level of C-reactive protein 
occurred with recrudescence of the postcommis- 
surotomy syndrome. The high level persisted 
throughout the second episode; after aspirin 
treatment was instituted, despite persistent 
leukocytosis and elevated erythrocyte sedimenta- 
tion rate, the C-reactive protein disappeared 
promptly from the patient’s blood. While the 
patient received salicylates he felt well and no 
C-reactive protein was detected in his blood. 
When salicylates were discontinued, C-reactive 
protein reappeared in the blood for one week, 
despite the absence of symptoms, fever or other 
abnormal laboratory results. In the ensuing 
fifteen months the C-reactive protein has been 
consistently absent from blood samples taken at 
weekly or monthly intervals. 

Comment. ‘This typical example of the post- 
commissurotomy syndrome illustrates the ap- 
parent salutary effect of salicylates. The C-re- 
active protein was shown to be an index of 
activity of the postcommissurotomy syndrome; 
changes in the amount of this protein in the 
blood accurately reflected the changing clinical 
state. The prompt disappearance of C-reactive 
protein following salicylate therapy, in contrast 
to its persistence after treatment with anti- 
biotics alone, suggests either that salicylates 
suppress the pathologic process responsible for 
the production of C-reactive protein or that 
they suppress the precipitation of C-reactive 
protein directly. 

Case. E. C., a thirty-nine year old Negro 
male, had acute rheumatic fever in early child- 
hood and had known of a heart murmur since 
that time. He had had increasing dyspnea for 
one and a half years. Physical examination 
revealed an enlarged heart with basilar pul- 
monary rales. Auricular fibrillation was present, 
the pulmonic second sound was accentuated and 
auscultatory indications of mitral stenosis were in 
evidence. In addition, there was an inconstant, 
blowing, high-pitched diastolic murmur located 
in the third intercostal space to the left of the 
sternum, radiating to the lower substernal area. 
The blood pressure was 100/70 mm. of mercury. 
The chest x-ray revealed enlargement of the left 
auricle and right ventricle and some question- 
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able enlargement of the left ventricle; these 
findings were confirmed by angiocardiography. 
The electrocardiogram revealed auricular fibril- 
lation and right axis deviation. Cardiac cathe- 
terization indicated pulmonary hypertension. 
The hemoglobin was normal. Leukocytosis of 
12,000 was present but the erythrocyte sedimen- 
tation rate was normal, the C-reactive protein 
was negative and the antistreptolysin-O titer 
was 317 units. Finger-fracture mitral commis- 
surotomy was performed without complication. 
The left auricular biopsy contained several 
Aschoff bodies. The postoperative course was 
uncomplicated (Fig. 5) and fever disappeared 
after eleven days. The C-reactive protein became 
moderately elevated but disappeared from the 
patient’s blood by the eighteenth postoperative 
day. 

On the twenty-fifth postoperative day pressing 
right and left upper anterior chest pain sud- 
denly appeared, associated with substernal and 
epigastric discomfort, nausea, vomiting and 
temperature of 104°r. Fine, moist, inspiratory 
rales appeared at both lung bases. Radio- 
graphically, no pulmonary infiltrations were 
demonstrated. The white blood count had fallen 
to 12,000 and the sedimentation rate to 58 mm. / 
hour. On the other hand, the C-reactive protein 
reappeared in the patient’s blood within forty- 
eight hours. Aspirin was given in daily doses of 
2.4 gm., with symptomatic improvement within 
a few days. The level of C-reactive protein di- 
minished and finally the abnormal protein disap- 
peared after ten days. Suppressive aspirin 
therapy was maintained. 

On the fifty-third postoperative day the pa- 
tient experienced recurrence of the postcom- 
missurotomy syndrome unassociated with fever. 
The physical findings were similar to those of the 
preceding attack. Although the white blood 
count and antistreptolysin-O were unaltered 
and there was a mild rise of the erythrocyte 
sedimentation rate, the C-reactive protein ap- 
peared in moderate amount in a blood sample 
examined on the second day of the illness. ‘The 
dose of salicylates was increased, the pain re- 
mitted and the patient improved. A sample of 
blood taken on the third day of illness contained 
no C-reactive protein. Subsequent blood samples 
also were free of this protein. The patient has 
continued on salicylate suppressive therapy 
since discharge from the hospital. 

Comment. In this patient salicylates appeared 
favorably to modify the postcommissurotomy 
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syndrome. The second episode developed despite 
aspirin suppressive therapy but was mild and of 
short duration. In this case, too, the C-reactive 
protein was useful as a laboratory guide of 
activity of the postcommissurotomy syndrome. 


DISCUSSION 


The reported incidence of the postcommis- 
surotomy syndrome varies from 10 to 38 per cent 
of operated cases.*:*~'* Many episodes of this 
syndrome undoubtedly have not been recognized 
because of lack of awareness of patient or physi- 
cian. On the other hand, variation in surgical 
technic may account for some differences of 
incidence in different centers. 

The clinical findings of the postcommis- 
surotomy syndrome in this group of cases cor- 
respond to those published elsewhere. The signs 
and symptoms can be ascribed to recurrent bouts 
of pericarditis and pleuritis. Associated arthritis 
occurred in three cases reported by Soloff et al. 
and in one case in the present series. 

Information concerning the laboratory data in 
this illness has been sparse. Leukocytosis, rapid 
ervthrocyte sedimentation rate and negative 
bacteriologic studies have been reported in five 
patients.’ Radiographic studies demonstrated 
cardiac enlargement and electrocardiographic 
investigations revealed changes compatible with 
pericarditis. These findings have been confirmed 
in our patients. In addition, it has been demon- 
strated that the antistreptolysin-O titer did not 
change during the postcommissurotomy syn- 
drome, indicating that beta-hemolytic strepto- 
coccal infection did not precede the illness. This 
is confirmed by the failure of chemoprophylaxis 
to prevent the occurrence of the postcommis- 
surotomy syndrome.’:!* 

Controversy has arisen in regard to treatment. 
There is general agreement that antibiotics do 
not modify the illness. Janton et al.’ and Wood"! 
believe that salicylates exert no influence on 
the course of the illness whereas others*:*:!°.'? 
have reported a favorable-action of this drug. 
Results obtained in the present series support the 
latter view. Moreover, salicylates appear to 
suppress postoperative morbidity due to the post- 
commissurotomy syndrome effectively. Adreno- 
cortical hormones have been found efficacious by 
others in the treatment of the postcommis- 
surotomy syndrome."® 

Considerable speculation has arisen concern- 
ing the etiology and pathogenesis of the post- 
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commissurotomy syndrome. At one time pul- 
monary embolism was considered the responsible 
cause. The presence of pericarditis, the absence 
of prominent hemoptysis, the failure of radio- 
graphic confirmation of pulmonary emboli, 
the clinical course and the self-limited nature 
of the illness militate against this hypothesis. 
Bacterial infection was similarly suspected.* 
However, bacteriologic studies have been nega- 
tive and antibiotics have failed to modify the 
course of the disease. 

Direct trauma to the pericardium appears not 
to be the sole cause since other surgical proce- 
dures involving the pericardium do not induce 
a similar reaction. 
performed in patients with coronary artery 
disease affords an adequate control experience in 
this connection. During this operation the 
pericardium is opened, foreign material is 
inserted and the pericardium is then loosely 
closed. Postoperatively a foreign body reaction 
ensues with fever, pericarditis and pneumonitis, 
lasting approximately one week. Thompson’® 
has followed up 150 cases for several years post- 
operatively without observing any syndrome re- 
sembling that following mitral commissurotomy. 
Reports concerning surgical correction of con- 
genital heart disease have consistently failed to 
mention the occurrence of a similar complica- 
tion. Recently, however, Likoff?® has observed 
somewhat similar febrile illnesses in six adult 
patients following surgical correction of con- 
genital pulmonic stenosis and interatrial septal 
defect. This communication provides the only 
indication yet obtained that an illness similar to 
the postcommissurotomy syndrome may occur 
after cardiac surgery in non-rheumatic patients. 

The occurrence of this illness almost exclu- 
sively in the rheumatic patient suggests that some 
fundamental feature of the rheumatic process 
may contribute to its pathogenesis. It has oc- 
curred in one of our patients with mitral stenosis 
(excluded from the present series) in whom only 
pericardiotomy was performed; because of 
technical considerations at operation the heart 
was not incised. A typical episode of the post- 
commissurotomy syndrome appeared three weeks 
later. In addition, the postcommissurotomy 
syndrome has been observed following surgical 
repair of rheumatic aortic stenosis, although with 
less frequency than following mitral com- 
missurotomy. 

Reactivation of acute rheumatic fever follow- 
ing mitral commissurotomy has occurred very 
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infrequently, with a reported incidence varying 
from 0 to 7 per cent.*:*-'°:'*-?! In a measure, this 
can be ascribed to careful selection of patients. 
Many groups consider rheumatic activity an 
absolute contraindication to operative interven- 
tion':**? whereas others*®*?3 have operated 
upon patients with unequivocal signs of rheu- 
matic activity, without exacerbation of the 
rheumatic process. 

Despite the lack of clinical or laboratory 
evidence to indicate the presence of rheumatic 
activity, 25 to 40 per cent of all auricular ap- 
pendages amputated at operation contained 
Aschoff bodies.'®*4-? Kuschner and Levieff** 
have demonstrated by appropriate postmortem 
studies that the presence of Aschoff bodies in the 
left auricular appendage implies that lesions 
are very likely to be present elsewhere in the 
heart. On the other hand, the absence of 
Aschoff bodies in the appendage does not pre- 
clude the possibility of activity elsewhere in the 
heart.** However, the clinical significance of 
these histologic findings has been questioned** 
and present evidence* is insufficient to prove or 
disprove a relationship between the finding of 
Aschoff bodies in the auricle and clinical 
rheumatic activity. It has been shown in the 
present study that the postoperative course and 
the incidence, manifestations and duration of 
the postcommissurotomy syndrome do not show 
any discernible correlation with the presence or 
absence of Aschoff bodies in the auricular 
specimens. 

Accounts of the natural history of rheumatic 
fever and rheumatic heart disease have not 
heretofore alluded to any illness recognizable 
as identical with the postcommissurotomy 
syndrome. Chest pain occurs infrequently during 
acute rheumatic fever and rheumatic pleuritis 
was observed in only 2.5 to 14 per cent of cases 
studied by Wilson.*! Many similarities between 
rheumatic pericarditis and the postcommis- 
surotomy syndrome are evident, however. Chest 


pain, evidence of fibrinous pericarditis without | 


large effusions, left-sided pleuritis and pul- 
monary rales were noted by Thomas et al.*” 
in their detailed study of pericarditis occurring 
during the course of acute rheumatic fever. They 
stated that “‘dry pericarditis appeared to be 
relatively benign; it invariably occurred during 
the first month of rheumatic activity, caused no 
electrocardiographic changes, was of short dura- 
tion, and had no effect on prognosis.” The post- 
commissurotomy syndrome similarly appears to 
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be benign without adversely effecting prognosis. 
In cases of rheumatic pericarditis, however, both 
endocarditis and myocarditis are usually present 
at least in children; in the postcommissurotomy 
syndrome apparently isolated pericardial in- 
volvement is present. It is of interest that Soloff 
reported one patient who died during an episode 
of the postcommissurotomy syndrome and mani- 
fested active rheumatic carditis at necropsy. 

The present view concerning the pathogenesis 
of the postcommissurotomy syndrome proposes 
that the syndrome may represent bouts of an 
exudative inflammatory process involving the 
pericardium and pleurae. This process is be- 
lieved to develop in response to trauma sus- 
tained at the time of surgery and, in addition, as 
a reaction to foreign material introduced at that 
time. Since these reactions have been limited to 
date almost exclusively to patients with rheu- 
matic heart disease, it is possible that the rheu- 
matic process may be involved in some as yet 
undetermined way in the pathogenesis of this 
illness. The salutary effects of salicylates and 
adrenocortical hormones could be ascribed to 
their suppression of the inflammatory reaction. 

In this investigation the test for C-reactive 
protein has proved useful as a laboratory index of 
activity of the postcommissurotomy syndrome. 
The C-reactive protein is an abnormal protein 
absent from the blood of normal people but ap- 
pearing as an acute phase response in a variety 
of abnormal conditions such as trauma, infec- 
tions, necrosis, neoplasia and granuloma forma- 
tion.** It has been characterized by free electro- 
phoresis as a beta globulin and is apparently 
combined with lipid in vivo.** Its major applica- 
tion has been in acute rheumatic fever,'** 
where it has been found to be an excellent 
indicator of the inflammatory reaction and hence 
a useful guide in management. Recently* it has 
been found to appear in the blood following 
acute myocardial infarction and even with con- 
gestive heart failure.*” Despite its lack of speci- 
ficity, however, the determination has often 
proved more useful than other non-specific 
indicators such as the erythrocyte sedimentation 
rate or white blood count. 


SUMMARY 


The postcommissurotomy syndrome devel- 
oped in ten of sixteen patients ten days to seven 
months following mitral commissurotomy. Seven 
patients had multiple attacks. 
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The syndrome consisted of chest pain and fever 
together with less prominent and frequent 
cough, hemoptysis, dyspnea and arthralgias. 
Evidence of pericarditis and pleuritis was ob- 
tained, with leukocytosis and elevated erythro- 
cyte sedimentation rate. Bacteriologic studies 
yielded negative results. Penicillin prophylaxis 
was ineffective and antibiotics failed to modify 
the course. Salicylates appeared to abbreviate 
the illness. 

No significant change in the antistreptolysin-O 
titer occurred during this illness. The C-reactive 
protein was found to be the most sensitive 
laboratory test for the postcommissurotomy 
syndrome and the most useful in management. 

The possible etiologic factors are reviewed. It 
is suggested that the postcommissurotomy syn- 
drome represents a self-limited form of peri- 
carditis and pleuritis induced by the trauma of 
surgery in patients with rheumatic heart disease. 

Salicylate suppressive therapy is recommended 
for all postcommissurotomy patients. The C-re- 
active protein test is suggested as a useful and 
sensitive test for the activity of the postcom- 
missurotomy syndrome. 
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Blood Pressure Reduction in Arterial 
Hypertension by Hexamethonium and 
Pentapyrrolidinium Salts’ 


F. HorRAcE SMIRK, M.D., F.R.C.P. 
Dunedin, New Zealand 


ANY distinct pathologic processes lead to 
M hypertension but, irrespective of the 
primary cause, subjective and objec- 

tive clinical manifestations arise which are due 
to the high blood pressure as such, or to the 
associated vasoconstriction.' In nephritis, pyelo- 
nephritis, pheochromocytoma, Cushing’s syn- 
drome and aortic coarctation, the nature of the 
primary pathologic process associated with the 
hypertension is evident, even though the precise 
mechanism by which the blood pressure has 
become elevated remains obscure. In essential 
hypertension symptoms and signs appear to be 
restricted to those which can be attributed 
reasonably to the consequences of high blood 
pressure as such, or vasoconstriction. Except in 
so far as they induce clinical manifestations 
through blood pressure elevation, the basic 
pathologic processes responsible appear to be 
comparatively harmless. There is some evi- 
dence':* that essential hypertension is not due 
to any single or simple primary cause. Perhaps it 
may originate in some cases from the simple 
over-activity of physiologic processes, whereas in 
others pathologic changes such as renal arterio- 
sclerosis may be primary. It has been suggested 
that blood pressure increases tend to be self- 
perpetuating.':* This may occur as the result of 
such changes as inelasticity of large arteries, 
exaggerated contraction of hypertrophied arteri- 
oles, secondary renal changes and from factors 
not yet known. Such an interpretation of the 
significance of high blood pressure offers a 
logical justification for treatment by strict 
control over blood pressure levels. Blood pressure 
elevation is thus regarded as an intermediate 
cause common to all types of hypertensive dis- 


order; the cause of what are rightly called 
hypertensive signs and symptoms. Those who 
have regarded hypertension as being a com- 
pensatory process which serves to maintain a 
flow of blood through narrowed blood vessels 
have tended to regard blood pressure reduction 
as mere symptomatic treatment involving the 
potential danger of undue restriction of the 
blood supply to important organs such as brain, 
heart and kidney. There are individual patients 
in whom these objections are valid and in whom 
undue reduction of the blood pressure causes a 
temporary hemiplegia or aphasia, anginal pain 
or impaired renal excretion. Fortunately, treat- 
ment of high blood pressure of substantial degree 
need never be withheld for the fear of cerebral, 
renal or cardiac complications though, as will be 
seen later, it should be postponed for a time 
(arbitrarily six weeks) after cerebral thrombosis 
or coronary thrombosis. 


REASONS FOR METICULOUS CONTROL OF BLOOD 
PRESSURE REDUCTION IN SEVERE HYPERTENSIVES 


The paramount question is: Does blood pres- 
sure reduction relieve hypertensive manifesta- 
tions? Consideration of whatis or is not practicable 
in everyday medicine should not obscure this 
issue. Some evidence on this was obtained in 
severe hypertensive patients whose blood pres- 
sures were maintained at a normal level for 
periods up to ten days without intermission by 
subcutaneous hexamethonium bromide using a 
continuous injection machine.* The patients 
were seated in cardiac beds so as to enhance 
blood pressure falls. Following the period of 
continuous control, frequently repeated sub- 
cutaneous injections were used to maintain the 


* From the Department of Medicine, Otago University Medical School, Dunedin, New Zealand. 
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blood pressure near to normal for much longer 
periods. Trained technicians measured the blood 
pressures at fifteen-minute intervals throughout 
the day, and occasional readings were made at 
night. On regimens started by continuous injec- 
tion and maintained by repeated subcutaneous 
injections, there was rapid improvement and 
ultimate disappearance of papilledema, retinal 
exudates and hemorrhages. In about three- 
quarters of patients with such complaints, 
cardiac asthma and severe hypertensive heart 
failure cleared, without recourse to other meas- 
ures such as digitalis, mersalyl and salt-free 
diet, to the extent that such patients could climb 
stairs without appreciable breathlessness. Pa- 
tients who had gone into heart failure while still 
on digitalis were relieved of the heart failure by 
blood pressure reduction using methonium 
salts, but without otherwise altering the regimen. 
Such degrees of objective improvement were 
obtained by methods not readily maintained 
under everyday conditions but they show that 
dramatic improvements follow restoration of a 
normal blood pressure. 

The writing of this review is influenced by the 
author’s firm opinion that the aim of treatment 
in most severe hypertensive states should be the 
reduction of the blood pressure to as near 120/80 
and for as much of the twenty-four-hour day as is 
practicable. 


EFFECTS OF HEXAMETHONIUM AND 
PENTAPYRROLIDINIUM 


The hypotensive actions of hexamethonium 
and pentapyrrolidinium, as far as they have 
been tested, appear to be similar except for 
differences in the size of doses required to pro- 
duce equivalent blood pressure reduction and in 
the duration of the blood pressure reduction. Up 
to the present there is more detailed information 
about hexamethonium. Attention was _ first 
directed to the pharmacology of the methonium 
salts by Chou and de Elio,® Barlow and Ing,*‘ 
Paton and Zaimis*~'’ and 


Hexamethonium 


Circulatory Effects of Hexamethonium Salts. It 
was soon evident that penta- and hexamethonium 
salts induced -blood pressure falls in animals and 
in man. After penta- or hexamethonium salts, 
although the blood pressure falls, there is an 
increase in the blood flow through the feet!?—'4 
and arms,'* but to a lesser degree in the latter.'® 
The difference in degree of vasodilatation is not 
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solely due to posture and may be because the 
legs have a greater sympathetic vasoconstrictor 
tone than the arms.'’ With subjects in the sitting 
posture hexamethonium leads to an increase in 
leg volume but arm volume may increase or 
diminish.'* X-ray pictures show that sometimes, 
in the erect posture, lung congestion is di- 
minished during blood pressure reduction from 
an injection of hexamethonium bromide.!* 

The pulmonary artery pressure is usually 
reduced following injections of hexamethonium 
bromide in the course of catheter studies.'?~?! 
Injections of hexamethonium salts reduce the 
venous pressure, measured in the arms or by 
observation of the neck veins.'*:??:** The fall may 
be 1 to 6 cm., and the venous pressure fall may 
precede blood pressure reduction.'*:** Substan- 
tial falls of venous pressure may be noted in 
congestive heart failure. 

The blood pressure fall is much influenced by 
posture, being greatest when the patient is 
standing, intermediate when sitting and least 
in the lying posture.'®!*-**-*4-?6 Doses safe for 
routine clinical purposes may not reduce the 
blood pressure much with the patient lying 
flat, but when the patient stands or even sits, the 
blood pressure may fall from a hypertensive 
level to 85/55. Even in the lying posture if much 
larger doses are given, the blood pressure may be 
reduced in most patients to well below the basal 
pressure.*’ The falls of blood pressure are also 
greater after methonium than after amytal,** 
and greater after methonium than after a 
seconal” sedation test.”® 

Ordinarily, blood pressure falls are greater in 
hypertensives than in normotensives and are 
usually large in patients after sympathectomy *‘ 
and after a salt-free diet.'**°"* 

Some changes in blood pressure level appear to 
depend on interference with the capacity of the 
sympathetic nervous system to perform its 
normal circulatory reflex functions. Thus in the 
erect posture the blood pressure falls because of 
the absence of sympathetic vasoconstriction. 
In patients under the action of methonium salts 
an additional fall of blood pressure usually 
follows meals, presumably due to uncom- 
pensated splanchnic dilatation.?’ Small blood 
losses of 250 cc. may cause substantial blood 
pressure falls when patients are under the action 
of methonium salts, presumably due to absence 
of compensatory vasoconstriction.** The oc- 
currence of collapse with congestion of both 
lower limbs** is apparently an analogous 
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phenomenon. The overshoot of the blood pres- 
sure which normally follows a drop in pressure 
during the Valsalva experiment is abolished,”® 
and so also is the overshoot of the blood pressure 
when a patient is tilted back quickly from the 
vertical to the horizontal position.** The response 
to the cold pressor test is usually diminished.** 
If a patient whose blood pressure has been 
greatly reduced by hexamethonium stands in a 
warm swimming bath with water up to the chin, 
the blood pressure rises at once almost to the 
level prior to the dose of hexamethonium. 
The counter-pressure of the water on the external 
body surface neutralizes the effect of gravity. A 
hypertensive patient’s blood pressure can be 
regulated to almost any desired level by increas- 
ing or decreasing the depth of immersion in the 
swimming bath.** Application of positive pres- 
sures in other ways has a similar effect. A degree 
of gravitational hypotension from the drug is 
present in the horizontal posture since, even in 
this posture, neutralization of gravity by im- 


mersion in warm water causes a slight rise of — 


blood pressure.** The effect of negative pres- 
sures applied to the external body surface (below 
nipple level) was studied using a pressure cham- 
ber. After hexamethonium bromide negative 
pressures applied to the external body surface 
(below nipple level) by a pump-operated 
pressure-suction device cause great falls of blood 
pressure—in hypertensives as much as 100/40. 
The fall is smaller in the absence of hexa- 
methonium, as sympathetic vasoconstrictor 
impulses can then neutralize the expanding force 
of the negative pressure upon blood vessels. 

Pulse rates may increase or decrease after 
depending presumably 
on whether reflex acceleration from the fall of 
blood pressure or blockading of sympathetic 
acceleration predominates. 

Other Effects of Hexamethonium Salts. Hexa- 
methonium decreases the secretion of hydro- 
chloric acid in the stomach.** Gastric motility is 
reduced, and with large initial doses there is 
radiologic evidence of decreased peristalsis and 
delayed emptying.*® Severe constipation may 
follow both parenteral and oral administra- 
tion**** and may be interrupted by bouts of 
diarrhea. ** 

The absorption of hexamethonium salts given 
orally is incomplete.*® Hexamethonium 
excreted by the kidneys, the clearance ratios of 
hexamethonium and inulin being very similar 
(1.1-1.2) indicating that excretion of hexa- 
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methonium is mainly by the glomeruli.*' The 
estimated renal plasma flow and the glomerular 
filtration rate are sometimes temporarily di- 
minished in man during methonium hypoten- 
sion.*?~4® Miles et al.** found the renal plasma 
flow undiminished in acute studies. Ordinarily 
with continued administration there is no signif- 
icant delay in renal elimination,***’ but cases 
are on record in which nitrogen retention has 
increased during methonium hypotension. **** 


Pentapyrrolidinium 


The substance pentapyrrolidinium was syn- 
thesized by Libman, Pain and Slack.*’ Its 
pharmacology was studied by Wien and 
Mason.*!:*? Studies in man of hexamethonium 
homologues led to recognition of the clinical 
potentialities of pentapyrrolidinium (Smirk**~**). 
A comparison of the effects of pentapyrrolidinium 
and other homologues of hexamethonium was 
reported by Maxwell and Campbell.°® 

In so far as they have been examined, the 
effects of pentapyrrolidinium on the circulation 
appear to be identical with those of hexa- 
methonium but the dose is smaller and the dura- 
tion of action longer with pentapyrrolidinium. 

Postural hypotension occurs®*—*’ and is of the 
same order as that encountered with other 
methonium compounds: pentamethonium, hexa- 
methonium, M. & B. 1863 and pendiomide. A 
salt-poor diet exaggerates the postural hypo- 
tension.*’ In patients under the action of 
pentapyrrolidinium, meals produce additional 
falls of blood pressure.**:*’ The pulse rate may be 
increased or decreased.**-** Aqueous penta- 
pyrrolidinium given in doses which reduce the 
blood pressure in the standing posture to 
approximately 120/80 cause falls of blood pres- 
sure ordinarily lasting four to six hours. ‘The 
duration of the blood pressure fall is much ex- 
tended when pentapyrrolidinium is dissolved in 
polyvinyl pyrrolidone 20 per cent, to which 0.5 
per cent of ephedrine hydrochloride has been 
added in order to prolong absorption further by 
local _vasoconstriction.***> A full hypotensive 
dose of the retard preparation, which reduces 
the blood pressure in the standing posture to 
approximately 120/80, may exhibit some hypo- 
tensive activity for twelve hours or more. The 
duration of action of equally hypotensive oral 
doses is about the same. The trough of the blood 
pressure fall after an oral dose often occurs about 
two or three hours after administration on an 
empty stomach. As with hexamethonium, oral 
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doses are incompletely absorbed so that ten or 
twenty times the subcutaneous dose may be 
required to produce a corresponding effect by 
mouth.**~*? Pentapyrrolidinium is excreted in 
part by the kidneys and may be detected in the 
urine.°** 


TOLERATION AND CROSS-TOLERATION 


Drug toleration is an important feature of the 
action of hexamethonium salts.”"°*-* If, in one 
day, two or three effective doses of hexametho- 
nium are administered, a degree of toleration will 
already be apparent next day. With continued 
daily administration of oral or parenteral doses, 
sufficient to produce substantial blood pressure 
falls, drug toleration develops; and to maintain 
blood pressure falls doses must be raised daily 
or every few days for several weeks and there- 
after less frequently. Ordinarily after two or three 
months the dose is comparatively stable or may 
even fall a little. If the administration of hexa- 
methonium is discontinued, toleration is lost to 
an important extent in ten days. If administra- 
tion is resumed, it should be at a lower dosage 
level. 

Following the repeated administration of 
pentapyrrolidinium, either orally or parenterally, 
drug toleration also develops. Maxwell and 
Campbell** thought toleration developed at least 
as rapidly as with hexamethonium. Others have 
reported that drug toleration is much less than 
with hexamethonium or  pentamethonium 
salts.°*-**°’ The hypotensive dose may be 
comparatively stable after six to eight weeks’ 
treatment. 

Following the repeated administration of 
hexamethonium, a cross-toleration is established 
to the subsequent administration of pentapyr- 
rolidinium. Likewise, when pentapyrrolidinium 
is administered repeatedly, a measure of tolera- 
tion develops to hexamethonium.**:** It is of 
interest that cross-toleration between M. & B. 
1863, hexamethonium bromide and _ penta- 
methonium bromide is practically complete in 
that the ratio of activities before drug toleration 
is 2:1:1 and at all stages during the develop- 
ment of drug toleration, whichever drug is first 
administered, the relationship of the effective 
doses remains the same, viz., 2:1:1. Thus at any 
stage in the development of drug toleration with 
these three substances, it is possible to change 
from one substance to another and, provided the 
original ratio of the doses is preserved, the same 
hypotensive action results.*° In contrast, the 
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degree of cross-toleration between hexametho- 
nium bromide and pentapyrrolidinium is in- 
complete.**:*’ The initial effective dose of 
pentapyrrolidinium is usually one-fifth of the 
initial effective dose of hexamethonium bromide; 
but when toleration has been established, the 
effective dose of the pentapyrrolidinium is likely 
to be less than one-tenth of the equally hypo- 
tensive dose of hexamethonium bromide. When 
full toleration has been developed to either of 
these substances, it will be found on changing 
to the other substance that full toleration has not 
developed and further increase of dose will be 
required in order to preserve the full hypotensive 
effect. 


PRELIMINARY INVESTIGATIONS 


In addition to the clinical study of symptoms 
and physical examination, the following in- 
vestigations are undertaken in almost all hyper- 
tensive patients: basal blood pressure using 
sedation, 12-lead electrocardiogram, chest 
x-ray for cardiac silhouette, urea concentration, 
total non-protein nitrogen and retinal examina- 
tion. The importance of the retinal grading*® 
requires no comment. In some instances pyelo- 
grams or tests for pheochromocytoma are 
required. 

The basal blood pressure is of prognostic 
importance. It is reasonable to expect that those 
whose blood pressure does not fall at rest or in 
sleep are more prone to severe consequences than 
are those whose blood pressure level falls in an 
unstimulating environment. In patients with 
high basal blood pressures it is found that grade 
Iv or grade 1 retinal changes, cerebral vascular 
accidents, cardiac enlargements, electrocardio- 
graphic signs and other adverse clinical mani- 
festations occur more frequently than in those 
with equal casual blood pressures but lower 
basal pressures. 

The basal blood pressure taken by the technic 
referred to aids the distinction between drug and 
placebo effects. Placebo administration, rest in 
hospital and diurnal sedation seldom decrease 
the blood pressure below the basal level, whereas 
effective hypotensive drugs do this. 


CHOICE OF PATIENTS FOR TREATMENT 


It is generally agreed that methonium salts are 
more suitable for severe than for mild hyperten- 
sive and that reduc- 
tion of the blood pressure may be achieved in 
substantially all forms of hypertension. The first 
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choice for treatment are patients with hyperten- 
sive heart failure, cardiac asthma, breathlessness, 
severe headache, giddiness, repeated minor 
cerebral episodes and important degrees of 
hypertensive tenseness of temperament; nearly 
all such patients are glad to persist, even with a 
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better methods of blood pressure control be- 
comes generally available, it may be reasonable 
to reduce the blood pressure levels in mild cases 
in the hope of preventing deterioration. Such a 
policy is at present based on conjecture but im- 
provement with treatment in the clinical man- 


TABLE | 
INITIAL DOSES AND DOSAGE INCREMENTS OF METHONIUM COMPOUNDS 


Dose May Be Raised Highest Final Daily 


| by Increments of Dose Used 
| | (mg.) | (mg.) 
| | 
Salt Methonium As Salt Methonium Salt Methonium | 
| Ion | Ion | Ion | 
| | | 
Pentapyrrolidinium bitartrate, oral.... 20 8.9 | 20 8.9 | 1400 623 8-12+ 
Pentapyrrolidinium bitartrate ‘‘retard,”’ | | | | 
tae 1.34 | 0.5-1.5  0.22-0.67 | 140! 62.3 8-12+ 
Hexamethonium bromide “retard,” | | | 
subcutaneous.................... | 20 11.2 | $16 2.8-5.6 1200 672 3-5 
Hexamethonium bromide simple | | | 
aqueous, subcutaneous............. | 8.4 | 4 2.8 | 1200 | 672 2-3 
Hexamethonium chloride simple | | | | | | | 
Hexamethonium bitartrate, oral... . . . . | 76.1 187 76.1 9000 3663 | 2-4 
Hexamethonium chloride, oral......... 125 | 92.5 125 2-4 


complicated regimen, and to tolerate side 
effects because of the relief from hypertensive 
symptoms. Patients with grade tv or grade 11! 
retinae should be accepted for treatment.??:*:"!-7? 
There is evidence that hypertensive patients 
with angina may obtain important decreases of 
pain*’-**.74.75 hut in anginal patients blood pres- 
sures should not, at least initially, be reduced 
below 140/90 as excessive falls of blood pressure 
induce precordial In hypertensive 
patients with recent cerebral thrombosis it is 
probably wise to wait six weeks before starting 
treatment and then to avoid hypotension. 

Renal disease does not contraindicate treat- 
ment. 27:37:47: 49.55.63.64.71,76 If, however, itis thought 
desirable to lower the blood pressure in a patient 
with impaired renal function’then the non-pro- 
tein nitrogen should be determined on a number 
of occasions until it is evident that the nitrogen 
elimination remains Im- 
provements in renal function have been reported** 
and also deteriorations. **:** 

The treatment of the milder hypertensives 
before hypertensive symptoms are present to a 
significant degree is a matter of policy. As the 
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ifestations of severe hypertension offers hope that 
some sequelae of high blood pressure could be 
postponed, even prevented. 


PRACTICAL DETAIL OF CONTROL OVER BLOOD 
PRESSURE LEVELS 


_ There is no useful place in methonium treat- 
ment for a simple routine which ignores the 
individual response of the patient.?’:*%-* If a 
fixed dose of a methonium salt is given without 
regard to the development of drug toleration 
and without taking advantage of the postural 
hypotension induced by the drug, early doses are 
likely to be dangerous or disturbing and later 
ones ineffective; side effects will be more and 
relief of symptoms less. 

Patients vary by 200 or 300 per cent in their 
sensitivities to methonium salts” but in one and 
the same individual changes of dose of as little 
as 10 per cent may make an important difference 
in the extent of the blood pressure fall. Hence 
great accuracy is needed in adjusting the magni- 
tude of the dose to the individual requirement.**: 
49.65 Table 1 sets out the initial doses of some 
methonium preparations for oral and subcuta- 


844 
neous use in ambulant patients. In patients 
over the age of seventy the initial doses should be 
divided by three. If a salt-poor diet has been 
given or the patient has previously had a 
sympathectomy, the dose should be halved. 

The effectiveness of the doses given should be 
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devised which is applicable to all of them. The 
basic principle is that doses of the various 
preparations are adjusted with the object of 
inducing falls of blood pressure of the magnitude 
indicated in Figure 1. It will be seen that lines 
A, B and C in Figure 1 have in common that, at 


200k 
C 
<= 180 
E 160F 
© sol 
a —— __ TROUGH BP (STANDING) _ __ 
@ 

Oo 3 6 9 12 
TIME HOURS 


Fic. 1. Lines A, B and C indicate approximately the effects on the blood pressure 
taken in the standing posture of various methonium preparations referred to in 
the text. The figure is intended to show that, with all preparations used, the aim 
is to discover the dose which brings the blood pressure (standing) in the trough 
of the blood pressure fall down to 120 systolic. The diastolic pressure will then 


be satisfactory also. 


judged by blood pressures measured in the 
erect posture. Initial doses will not always drop 
the blood pressure sufficiently. The dose should 
be raised by the increments indicated in the 
table until an effective dose is reached. To keep 
pace with the development of tolerance the dose 
must be raised at first daily, later less frequently, 
_ to maintain effective control. The development 
of full tolerance may take several months. 

With subcutaneous injections accurate dosage 
requires the use of a tuberculin syringe gradu- 
ated in 0.01 ml.;**.°> by mouth small-dose tablets 
are used which may be divided accurately or, 
better, dissolved in water and a proportion 
measured.®® The gap between the dose which 
induces a sufficient fall in blood pressure and that 
which leads to uncomfortable side effects is a 
small one. Meticulous accuracy in dosage can be 
achieved by patients who are adequately in- 
structed and such accuracy makes an important 
difference to their comfort. 

The various methonium preparations used 
clinically differ in the magnitude of the effec- 
tive hypotensive dose, in the duration of action of 
a single dose and in the method of administra- 
tion, but their pharmacologic effects are suffi- 
ciently similar for a scheme of treatment to be 


the trough of the blood pressure fall, the blood 
pressure is in the region of 120/85. Were the 
trough blood pressure (standing) to fall much 
below this level, the patient would feel faint 
and would have to sit down and rest at this 
time. The aim of treatment, therefore, is so to 
regulate the dosage that the blood pressure at the 
trough of the blood pressure fall is in the region 
of 120/85. 

Line A indicates the approximate course of the 
blood pressure fall after subcutaneous injections 
of aqueous solutions of pentamethonium, hexa- 
methonium or of M. & B. 1863, and of oral 
doses of these given on an empty stomach. 
With oral doses the trough of the blood pressure 
fall occurs a little later in time than is shown in 
the line A. Line B represents the action of 
injected hexamethonium or M. & B. 1863 dis- 
solved in 20 per cent polyvinyl pyrrolidone with 
the addition of 0.5 per cent ephedrine hydro- 
chloride, or of a simple aqueous solution of 
pentapyrrolidinium. Line C_ represents ap- 
proximately the effect of a subcutaneous injec- 
tion of pentapyrrolidinium dissolved in 20 per 
cent polyvinyl pyrrolidone with the addition of 
0.5 per cent ephedrine hydrochloride, or of oral 
doses of pentapyrrolidinium. 
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Ideally the adjustment of doses should be in 
terms of tests lasting several hours or all day*’:**: 
**-61 in which the blood pressure is measured at, 
say, half-hour intervals. The blood pressure 
should be measured in the standing posture. '*:**: 
61 ‘The tests may be made in the hospital*?:**: 
6#.72 or in a special outpatient clinic.***> The 
object is to determine the lowest level to which 
the blood pressure falls with the patient in the 
standing posture. This is the trough blood pres- 
sure (standing). If hypotensive symptoms occur, 
they will be maximal at this time. 

When repeated tests are impracticable it is 
found that an approximation to the ideal trough 
blood pressure (standing) can be obtained, 
without the use of a sphygmomanometer, by 
increasing the dose one increment at a time until 
the patient feels slightly faint in the erect 
posture. The correct dose is, in practice, 
one or at the most two increments (Table 1) less 
than the dose which induces a feeling of faintness 
when the patient is standing quietly at the time 
of maximum drug action. Such doses are entirely 
safe; for if the patient adopts the sitting or lying 
posture, the blood pressure rises at once. 

It should be emphasized that the degree of 
control over blood pressure levels is far more 
satisfactory when it has been adjusted in terms of 
hypotensive symptoms occurring in the erect 
posture than when attempts are made to regulate 
the dose in terms of casual blood pressure meas- 
urements. Routine casual blood pressures, even 
when taken at a fixed time after a dose, are 
confusing as a basis for dose adjustment except 
when the blood pressure is found to be low.**:*!:77 

The main difficulty with control by symptoms 
is that a few patients have no warning symptoms 
of hypotension and blackout suddenly. Fortu- 
nately, this is an unusual reaction and easily 
recognized when it occurs. 

Attempts to avoid all risks of inconvenient 
hypotension by reducing the dose not only 
decrease the extent of the blood pressure fall but 
shorten its duration. It is fundamental to realize 
that, with methonium salts, it is necessary to 
produce a fall of sufficient degree in order to 
produce a fall of sufficient duration. 


EFFECT OF BLOOD PRESSURE REDUCTION ON THE 
CLINICAL MANIFESTATIONS OF HYPERTENSION 


For many years it has been the custom to 
relate triumphantly the improvements in symp- 
tomatology which follow the administration of 
placebos in a hospital environment. If, however, 
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blood pressure reduction leads directly to 
improvement in hypertensive manifestations, 
the effect of reassurance, placebos and other 
simple means of reducing nervous tension may 
act to some extent through the intermediation of 
blood pressure decrease. 

Unfortunately such improvements are seldom 
sufficient in degree in moderate cases, or helpful 
with the more severe manifestations. That 
mental processes increase or decrease symptoms 
in hypertension need not be doubted. Some of 
our patients, however, who anticipated metho- 
nium treatment but received initially a placebo, 
exhibited dry mouth and complained that vision 
was blurred so they could not read a newspaper. 
It would be unwise to conclude therefrom that 
the blurring of vision and dryness of the mouth 
which follow the administration of active 
methonium compounds are representative of 
the action of an inactive substance upon the 
imagination. 

The relief of severe hypertensive symptoms 
by effective methonium treatment is of an 
entirely different and higher order than the relief 
which is ordinarily obtained from placebos or 
substances such as potassium thiocyanate. 
Objective manifestations are more _ readily 
assessed. 

Retinal Changes. Improvements in the retinal 
picture have been recorded by many observers. 
Decrease or disappearance of papilledema dur- 
ing blood pressure reduction by methonium 
compounds has been noted. !*-27-25.32.37.61,64,78,79 
In our experience the proportion of patients 
with papilledema who have lost this clinical 
manifestation has increased with improvement 
in the degree of control over the blood pressure, 
recent figures being twenty-one of twenty-three 
patients who were on effective treatment for 
five months or more.*® 

With good control over the blood pressure 
level soft exudates ordinarily clear rapidly.?*:*?-*?: 
61.78 Hemorrhages disappear”’:*’:*':75 but hard 
exudates with star-shaped macular figures 
seldom disappear with less than six months’ 
effective treatment and may take twelve 
months.’* Disappearance of excessive vasocon- 
striction in retinal arteries is usual. We have 
not been able to report disappearance of such 
arterial changes as arteriovenous nipping and 
waist-like constriction of retinal arteries. 

Hypertensive Heart Failure, Cardiac Asthma and 
Breathlessness. Several observers comment on 


the relief of congestive heart failure, cardiac 
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asthma and 
crease in vital capacity and decreases in circula- 
tion time have been noted by Kelley, Freis 
and Higgins.?* It has been our experience that 
three of four patients with blood pressures over 
200/120 may be relieved of hypertensive heart 
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sels.**:** A non-committal report by Smirk and 
Alstad*’ of improvement in anginal pain was 
followed by a more detailed study by Doyle and 
Kilpatrick’® which makes it evident that impor- 
tant relief of anginal pain occurs in many pa- 
tients with adequate control over the blood 


TABLE 
OCCUPATIONAL STATE OF MALIGNANT HYPERTENSION PATIENTS UNDER TREATMENT 
| 

Case |< Additional Clinical Features before Age Starting | Occupation during Mews 
Sex : ; Survived on 
No. Treatment freatment | [reatment T 
reatment 
Leading a Productive Life 

46 In general medical practice 54 
204 | M | Left ventricular failure 45 Railway employee 35 
207 | M | Left ventricular failure 57 _ Engineer; active 34 
306 | M ; Left ventricular failure: one leg amputated 55 Wire-mattress maker 25 
336 | M | Minor cerebral accident 47 Farmer 25 
361 | M | Cerebral accident; recovering from aphasia 47 Coppersmith 22 
382 | M | Encephalopathic attacks 43 Garage work 19 
400 | M | Left ventricular failure 41 Priest; educational work 16 

E7 | M | Left ventricular failure 45 Farmer 32 
124 F | Subarachnoid hemorrhage : 46 Housewife 43 
220 | F_ | Encephalopathic attacks | 63 Housewife 35 
357 | F | Left ventricular failure : 52 Housewife 20 
734 | F | Aortic incompetence 36 Housewife 14 

Incapacitated by Conditions Arising before Treatment Started 
364 | M_ Cerebral vascular accident | 44 Not working; stroke 20) 
i 


failure, cardiac asthma and breathlessness by 
blood pressure reduction using methonium 
compounds without recourse to digitalis, mer- 
salyl or salt-free diet. In addition, patients who 
had gone into heart failure while still on digitalis 
have recovered on effective methonium treat- 
ment and without alteration in digitalis dosage 
or other medication. We regard this as objective 
evidence that the blood pressure falls have been 
responsible for the clinical improvements. Fail- 
ure to obtain improvements of this order have 
been, in our experience, the result in almost all 
cases of inadequate control over the blood pres- 
sure level, being the result of such divergence 
from the regimen as inability to maintain the 
sitting posture during the night and inadequate 
dosage. 

Decrease in Anginal Pain. It has been stated 
that at least some patients who develop pain on 
effort in the course of hypertensive disease have 
no actual narrowing of the coronary blood ves- 


pressure level. Others have also noted improve- 
ment in angina.***4 

Changes in Heart Size and Electrocardtogram. 
Decreases in heart size may be of a striking 
character when patients with hypertensive 
heart failure are relieved of their symptoms by 
blood pressure reduction. Decrease in heart size 
in the absence of congestive heart failure is 
much less striking. In general, however, severe 
hypertensives whose x-ray pictures are repeated 
following methonium administration are more 
likely to show decrease than increase in heart 

Electrocardiographic improvements were re- 
ported by Smirk and Alstad?’ and have been 
referred to by others.*?:4*:71!.72-74 Doyle™ analyzed 
seventy-five patients who had been treated by 
hexamethonium for periods up to three years. 
He noted decreases in the voltage of the R and 
S waves, inverted T waves in left ventricular 
leads became less inverted or positive, and 
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elevated S-T segments became isoelectric. 
Electrocardiographic improvements were usual 
and deterioration unusual. 

Life Expectancy. The clinical improvement in 
patients with advanced congestive hypertensive 
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be significant in our series, as is shown in Tables 
1 and m. The survival periods are well beyond 
those expected for malignant hypertensive 
patients, and in both men and women most of 
these who were not disabled before treatment 


TABLE 
OCCUPATIONAL STATE OF MALIGNANT HYPERTENSION PATIENTS TREATED UNTIL DEATH 


i 


| Months 
Additional Clinical Age | 
Sex Features before Starting | Cause of Death 
No. T , reatment | on | 
| reatment Treatment: 
| | | 
Leading a Productive Life up to Time of Death 
| | 
| 56 Business executive | 33 Obstructive jaundice; 
| | | ?cerebral hemorrhage 
371 | M | Encephalopathic attacks | 46 Furnace stoker ) 13 Cerebral hemorrhage 
52. F | Severe heart failure | 47 Housewife 14 Stroke 
76 | F Severe heart failure | 43 Housewife 10 Stroke 
161 | F | Two minor cerebral | 32 Housewife 28 Cerebral hemorrhage 
| accidents | | 
36 | Housewife | 10 Uremia 
| | | | 
Leading a Partially Productive Life up to Time of Death 
51M | Congestive failure; low 59 | Worked 2 years on farm; | 48 | Coronary occlusion 


I.Q.; osteoarthritis 


| | | 


| then old men’s home, 
| | _ sweeping and cleaning © 


| 
| 


Incapacitated Until Time of Death 


49 | F | Severe heart failure and 52 
| — renal insufficiency | | 


| 


working; lassitude 31 


Bilateral pneumonia 


Died in Hospital without Making Substantial Progress 


ee 48 In hospital | 6 Congestive heart failure ; 
| | suburemic state 

227 | M_ Uremia 44 In hospital | 2 Uremia 

337 F Diabetes; Kimmelstiel- 41 In hospital | 4 Infection and uremia 
| Wilson disease | 
| | 

Died from Apparently Unrelated Causes 
40M | Heart failure 52 Not working; mental | 48 Senile deterioration and 


| 
| 
| 
| 


confusion 


dementia (cerebral 
arteriosclerosis) 


heart failure in the absence of digitalis, mersalyl, 
salt-free diet or other measures provides a strong 
suggestion that life has been extended in these 
patients. In malignant hypertension prolonga- 
tion of life and improved activity would seem to 


DECEMBER, 1954 


started are leading productive lives. Dr. John 
McMichael* informs us that his series of cases 
also indicates a statistically significant extension 
of life in malignant hypertension. The survival 
times of patients with grades m1, m and I retinal 


| | 
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changes show improvement as _ regards life 


duration in the crude figures which we do not 
regard as statistically significant. 


EFFECTS OF RESERPINE COMBINED WITH 
PENTAPYRROLIDINIUM 


When given alone in conventional doses (up to 
1 mg. daily) reserpine (an active principle of 
Rauwolfia serpentina) is usually a mild hypo- 
tensive agent probably unsuitable for the 
effective treatment of severe hypertensive pa- 
tients.*®*’ In large doses, up to 9 mg. in a day, 
blood pressure falls exceeding 60/30 occurred 
in twelve of twenty patients but with prohibitive 
side effects.** It is found, however, that a small 
set dose of reserpine, 0.5 mg. twice or thrice 
daily, enhances the response to pentapyr- 
rolidinium so that smaller doses are effective.’* 
*9,90 Side effects are consequently diminished. 
Experience with this combination in eighty 
patients who had been treated previously by 
oral pentapyrrolidinium alone indicates that in 
about sixty of these the combination was better 
either in respect of control over the blood pres- 
sure level or in freedom from side effects. The 
combination seems to us to be a better means of 
controlling the blood pressure level in severe 
hypertension than any other with which we 
have had experience. 
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Case Reports 


Needle Biopsy of the Kidney in the Diagnosis 
of Disseminated Lupus Erythematosus’ 


LEONARD M. LIsTER, M.D. and RoGer D. BAKER, M.D. 
Durham, North Carolina 


erythematosus is usually confirmed by 

finding the L.E. cell and by the dimin- 
ished reduction of neotetrazolium by the pa- 
tient’s leukocytes.' When such tests are negative 
the diagnosis is frequently not established until a 
postmortem examination is performed. It should 
be emphasized that a skin biopsy of a chronic 
lupus lesion does not in itself confirm or deny the 
existence of dissemination. The laboratory tests 
mentioned were negative in the case to be 
presented and therefore the initial impression 
of disseminated lupus erythematosus was less 
seriously considered. However, a renal needle 
biopsy established the diagnosis prior to the 
patient’s death and this procedure may therefore 
be added to the more specific laboratory aids 
useful in establishing the diagnosis of lupus 
erythematosus disseminatus. 


T= clinical suspicion of disseminated lupus 


CASE REPORT 


This was the first Duke Hospital admission of 
this forty-six year old Negro female, whose past 
health record was negative. Approximately four 
years before, when a mobile x-ray unit revealed 
the presence of an enlarged heart, she was told 
that she had high blood pressure. One year later 
she saw her physician because of fronto-occipital 
headaches and decreasing visual acuity, both of 
which persisted. She was told again of her high 
blood pressure. Approximately two years prior to 
this admission a pruritic, hyperpigmented rash 
developed over both malar eminences and 
spread to involve her forehead, ears and fore- 
arms. This rash was noted to be aggravated 
by sunlight which she was advised to avoid. 
Thinning of the scalp hair also developed. The 
skin changes fluctuated for a short time without 


associated constitutional symptoms and later 
became quiescent. Six months to one year later 
she was told that she had kidney trouble and was 
advised to decrease her activities. Hematuria 
was apparently noted at this time. Six months 
prior to admission she first noted ankle edema 
which slowly progressed. During the early course 
of this development there was some history of 
dyspnea and non-radiating precordial discom- 
fort. She was admitted to her local hospital for 
eleven days approximately four months later 
(October, 1953) with edema and hypertension. 
She was then treated with sodium restriction, 
bedrest and sedation which she continued. Dur- 
ing the month prior to her hospitalization at 
Duke Hospital (December, 1953) she began to 
experience intermittent hematuria, anorexia, 
vague gastrointestinal discomfort ard weight loss 
in spite of persistent anasarca. The patient denied 
any history of venereal disease, loss of blood from 
any orifice (except the urinary tract), fever or 
pleuritic pain. 

The vital signs on admission were: a supine 
blood pressure of 210/124 in the arms and 230/ 
140 in the legs, pulse 88, respirations 16, tem- 
perature 36.6°c., weight 69 kg. At this time the 
patient appeared to be chronically ill but 
in no acute distress. There was severe, generalized, 
pitting subcutaneous edema. Hyperpigmented 
confluent macular atrophic areas were noted on 
the skin mostly over the face (Fig. 1) but also on 
the arms and legs. Ophthalmoscopic examina- 
tion revealed the presence of moderate arterial 
attenuation, A-V nicking and several exudates 
bilaterally. There was no significant adenopathy 
or venous distention. Lung fields revealed an 
elevated diaphragm and some medium moist 
basilar rales bilaterally. The heart was enlarged 


* From the Departments of Medicine and Pathology of the Duke University School of Medicine, and the Veterans 
Administration Hospital, Durham, N. C. 
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Fic. 1. Skin iia of face. 


to the anterior axillary line. There was a 
normal sinus rhythm. A» was louder than P». 
No significant murmurs were heard. The ab- 
domen was protuberant and distended with 
fluid. No tenderness, organs or masses were 
noted. The remainder of the physical examina- 
tion was within normal limits. 

Upon admission to the hospital the patient’s 
hemoglobin was found to be 8.3 gm. per cent. 
The white blood count was 6,500 and the differ- 
ential count was essentially normal. The red cells 
were slightly hypochromic and platelets were 
adequate as seen in the peripheral blood smear. 
A sedimentation rate of 65 mm./hr. was re- 
corded. The routine urinalysis revealed a specific 
gravity of 1.017, 4+ protein and a sediment 
with numerous red cells, 5 to 10 white cells and a 
moderate number of granular casts per high 
power field. A Gram stain of this sediment was 
negative but the initial urine culture showed the 
presence of Escherichia coli. Phenolsulfonphthal- 
ein excretion showed no dye during the first 
15 minutes and a total of 22 per cent in two 
hours. The serologic test for syphilis was positive 
by complement fixation. The cardiolipin and 
Mazzini titers were 1. Blood chemistry deter- 
minations revealed the following: non-protein 
nitrogen, 72 mg. per cent; total protein, 5.3 gm. 
per cent (1.3 albumin and 4.0 globulin); cho- 
lesterol, 330 mg. per cent; P, 3.5 mg. per cent 
Ca, 6.5 mg. per cent; Na, 141.3 mEq./L.; K, 
5.1 mEq./L.; Cl, 113.4 mEq./L.; and COs, 
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17.55 mEq. , ‘L. The electrocardiogram revealed 
a normal sinus rhythm with changes suggestive of 
left ventricular strain and/or ischemia. Roent- 
gen studies of the skull were normal whereas 
those of the chest were interpreted as showing a 
moderately enlarged heart with a small amount 
of fluid at the right costophrenic angle and 
congestion of the lung fields. Numerous L.E. cell 
preparations were negative as was a leukocyte 
redox dye curve. 

The patient was given the basic rice diet as 
treatment for both the manifest hypertension 
and the nephrotic syndrome. A skin biopsy was 
obtained which revealed changes compatible 
with but not diagnostic of lupus erythematosus. 
She was digitalized. Because of the urinary tract 
infection she was given gantrisin,® and in 
treatment of the possible luetic infection she 
was given a course of penicillin. Later the nega- 
tive result of a Neurath test was received. There- 
fore the routine S. T. S. was indicative of a 
biologic false-positive reaction.?~ 4 

In preparation for a renal needle biopsy a 
repeat blood non-protein nitrogen was found 
to be 48 mg. per cent. Intravenous pyelography 
revealed no evidence of excretion until 20 
minutes, after which excretion was _ bilateral. 
The right kidney was then localized by x-ray 
and found to be of normal size. Bleeding, clot- 
ting and prothrombin times were within normal 
limits. A repeat urine culture revealed no 
growth. Electrolytes were in normal concentra- 
tion. The hemoglobin was found to be 6 gm. The 
kidney biopsy was performed uneventfully 
approximately three weeks after admission. No 
referable complaints or significant increase in 
hematuria developed. 

The biopsy (Fig. 2) revealed twenty-one 
glomeruli. Half of them were free from the 
capsule and half were attached to the capsule; 
of the latter, some were completely fibrotic. 
Rare genuine “adhesions” were present. The 
thickening and sclerosis of the basement mem- 
brane, both in the hematoxylin and cosin stain 
and in the periodic acid-Schiff stains, gave the 
‘“‘wire-loop”’ appearance. (Fig. 3.) The tubules 
showed low epithelium with dilatation. Hyaline 
droplets were present in occasional epithelial 
cells. Rare fine vacuoles were present but there 
was no large amount of fat as judged by the 
number of vacuoles. The larger vessels had 
thick walls. Hyaline arterioles were observed. 
Occasional lymphocytes and mild fibrosis 
occurred in interstitial tissue. The tubules of the 
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Fic. 2. Needle biopsy of the kidney in disseminated lupus erythematosus. Wire-loop appearance of glomeruius and 


glomerular adhesions can be seen. 


Fic. 3. Glomerulus in the needle biopsy of the kidney showing the wire-loop change of disseminated lupus 


erythematosus. 


medulla were not dilated. Occasional clear 
eosin-staining casts were noted. A stain for 
amyloid was negative. The diagnosis of lupus 
erythematosus was made chiefly on the basis of 
the wire-loop change.*:* Mention was also made 
of a mild degree of arteriosclerosis. 

From the time of her admission and up until 
this point in her course gradual clinical im- 
provement with moderate weight loss was noted. 
During the fourth week of her hospitalization 
she was started on a series of salt-poor albumin 
infusions. Overt signs of congestive heart failure 
developed and the infusions were discontinued. 
She began to complain of precordial pain. An 
electrocardiogram confirmed the presence of 
auricular fibrillation. Dyspnea and chest pain 
continued, and in spite of all supportive efforts 
the patient died thirty-three days after admis- 
sion. Throughout her entire hospital course the 
patient remained afebrile with no significant 
fall in blood pressure or change in vital signs 
until shortly before her death. 

The postmortem studies, gross and micro- 
scopic, corroborated the diagnosis of lupus 
erythematosus, with the following anatomic 
diagnoses: disseminated lupus erythematosus 
with especial involvement of blood vessels of the 
kidney, spleen, gastrointestinal tract, liver, 
pancreas, urinary bladder, skin, brain, etc.; 
old and recent focal hemorrhages and infarcts in 
cerebral cortex, basal ganglia, pons and 
cerebellum; anasarca; parathyroid hyperplasia, 
moderate; cardiac hypertrophy (480 gm.); 
primary tuberculous complex of lung with old 
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and recent disseminated tuberculosis involving 
abdominal lymph nodes and liver; hyperplasia 
of sternal marrow; small peripheral bronchial 
adenoma; surgical absence of appendix, tubes, 
ovaries and uterus; old fibrous peritoneal 
adhesions. 

A prominent feature of the lupus erythem- 
atosus was the extreme fibrous thickenings 
about the splenic arterioles, so that these lesions 
were conspicuous grossly on cut surfaces of the 
spleen. (Fig. 4.) 

Microscopic sections of kidney showed the 
wire-loop appearance in nearly every glomerulus 
and the capillaries were obliterated by the 
process in some of the glomeruli. Epithelial 
cells about the tufts were frequently increased 
in number. Regions of tubular atrophy and 
interstitial fibrosis occurred. Moderate arteriolo- 
sclerosis was noted. 


COMMENTS 


Nephropathy is an important clinical and 
pathologic findings in disseminated lupus ery- 
thematosus. The frequently associated skin lesion 
may be absent.’ Montgomery and McCreight 
found renal involvement in 100 per cent of their 
acute cases and in approximately 70 per cent of 
their subacute group.* The latter incidence 
approximates that of other series.? The clinical 
manifestations of renal involvement may be 
absent throughout the course of the disease 
or may precede other changes.'® They are 
thought to be the most frequent indication of 
visceral dissemination. The most common find- 
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Fic. 4. Disseminated lupus erythematosus. Spleen showing periarterial fibrosis 
of the penicillary arteries, a lesion characteristic of the disease. 


ings are those referable to the urine which at 
some time during the course of the disease will 
contain protein.'!:'* Proteinuria may predomi- 
nate, with resulting nephrotic syndrome or 
variant thereof. The sediment may show red and 
white blood cells in varying amounts scattered 
or in casts as well as casts of other descriptions. 
Other evidence of functional impairment does 
not occur until the disease is advanced. Detailed 
pathologic features have been well described 
previously and therefore will not be discussed 
at this time.'*:'* However, it may be emphasized 
that distinct lesions are most apt to be found in 
the kidneys. 

The nephropathy of disseminated lupus 
erythematosus in several aspects resembles 
that associated with diabetes mellitus. Their 
incidence seems to be increasing. In regard to 
diabetes this increase is probably due to pro- 
longed life with the use of insulin. In lupus this 
increase may be associated with greater ac- 
curacy of diagnosis and an alteration in the 
natural course of the disease produced by the 
use of ACTH or cortisone. In the case presented, 
however, the patient did not receive such medi- 
cation. The syndrome of true nephrosis is unusual 
in either of these conditions for there is usually 
some degree of hypertension and/or azotemia. 
Also, extreme hypercholesterolemia is rarely ob- 
served. Another similarity is seen pathologically 
since the definitive renal lesions of both diseases 
primarily involve the capillaries of the glomeru- 
lar tufts and their basement membranes. The 
treatment of both diabetic and lupus nephropath- 


ies is frequently unrewarding. Our experience 
agrees with that of Heller and others in that 
steroids are of little or no benefit in such cases of 
disseminated lupus erythematosus. 

In regard to the technic of our renal biopsy 
procedure, suffice it to say that a modified 
Silverman needle is used through a posterior 
approach with the patient in the prone position. 
Some important contributions by the renal 
biopsy procedure as well as descriptions of 
technics have already been reported.'*!® 


CONCLUSIONS 


A case of disseminated lupus erythematosus is 
presented and discussed. The diagnosis was 
confirmed antemortem only by a renal needle 
biopsy. Thus the value of needle biopsies of the 
kidney in the diagnosis of diffuse renal disease is 
again demonstrated. 
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Bilateral Renal Vein Thrombosis and the 
Nephrotic Syndrome’ 


Associated with Lesions of Polyarteritis Nodosa 


Capt. GEORGE MILLER, M.c., Capt. Jay C. Hoyt, m.c. and Byron E. POLtock, M.c. 


San Francisco, California 


HE syndrome of renal vein thrombosis in 

the infant is a well known entity.'* It 

usually occurs in dehydrated infants suf- 
fering from severe diarrhea and is marked by 
hematuria with unilateral or bilateral renal 
enlargement. If prompt nephrectomy is not 
performed when the thrombosis is unilateral, 
shock and death follow shortly. In the adult renal 
vein thrombosis may also lead to infarction of 
the kidney.* In some instances, however, renal 
infarction does not occur; and when the renal 
vein thrombosis is bilateral, an occasional case 
will present the complete clinical picture of the 
nephrotic syndrome. 

In reviewing the literature we were able to 
find only four reported cases of bilateral renal 
vein thrombosis in which the nephrotic state 
characterized the course of the disease.*~‘ 
Because of the very interesting nature of this 
syndrome, together with the paucity of reports 
concerning renal vein thrombosis as a possible 
etiology of nephrosis, we are reporting our 
observations in an additional case. 


CASE REPORT 


An eighteen year old white male entered a 
hospital on August 9th, complaining of cramp- 
ing pain in the right lower quadrant of the 
abdomen, with nausea. He had been told that at 
the age of two years he had had edema and 
albuminuria for several months. After the 
edema cleared he remained well, and repeated 
urinalyses during childhood, adolescence and in 
the Army were normal. Physical examination on 
admission showed direct and rebound right 
lower quadrant tenderness. His temperature was 
98.6°r. and the blood pressure 120/80. Urinaly- 
sis revealed three plus albuminuria with a 


specific gravity of 1.030. The leukocyte count 
was 10,400 with a normal differential. 

An appendectomy was performed and the 
appendix was normal upon pathologic ex- 
amination. The patient made normal post- 
operative progress for seven days and then 
massive anasarca with periorbital, pretibial 
and sacral edema, ascites and left hydrothorax 
developed. These findings persisted throughout 
the remainder of his hospital course in spite of 
vigorous treatment with 50 to 100 gm. of serum 
albumin daily, infusions of plasma, a salt-free 
diet, bed rest and several injections of mercurial 
diuretics. 

On August 3l1st, a diffuse area of cellulitis 
developed with red, tender induration of the 
skin and subcutaneous tissues of the right side of | 
the body, extending from the lower costal margin 
to the mid-thigh anteriorly. Temperature rose to 
103°F. and the white blood cell count to 29,100. 
Under penicillin therapy the induration of the 
skin and subcutaneous tissues slowly cleared by 
September 6th, at which time the patient de- 
veloped generalized urticaria, apparently due 
to penicillin allergy. On September 16th the 
cellulitis recurred in the same area and was 
again controlled by penicillin. Urticaria again 
appeared but was relieved by the administration 
of epinephrine and pyribenzamine.® Expiratory 
wheezes were heard over the lung fields during 
this period and marked tenderness persisted 
over the right thigh from the knee to the inguinal 
area. 

During the early days of this illness the serum 
non-protein nitrogen was 38 mg. per cent, 
serum cholesterol 565 mg. per cent, serum 
albumin 1.2 gm. per cent; the twenty-four-hour 
urinary excretion of protein was 26 gm. There 
was no anemia and the blood pressure remained 


* From the Cardiovascular Service, Letterman Army Hospital, San Francisco, Calif. 
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normal. Persistent moderate to marked albumi- 
nuria was present. The serum cholesterol rose toa 
peak of 860 mg. per cent in mid-September and 
declined somewhat thereafter. Pertinent labora- 
tory findings are summarized in Table 1. 

On October 16th the patient was transferred 
to Letterman Army Hospital. He appeared 
acutely ill and exhibited extreme anasarca. His 
blood pressure was 148/88, temperature 102.4°Fr. 
and pulse 75. The urine had a specific gravity of 
1.006 and gave a four plus reaction for albumin. 
Microscopically, the urine showed many white 
blood cells and coarsely granular casts, as well 
as occasional hyaline casts and oval fat bodies. 
The hemoglobin was 15.9 gm. per cent, leuko- 
cyte count 23,360 with 94 per cent neutrophils. 

Although the patient felt better and had sev- 
eral periods of diuresis following serum albumin 
injections, the general course was gradually 
downhill, with a progressive increase in anasarca. 
During the last three weeks of his hospitalization, 
while receiving 50 gm. of serum albumin daily, 
the patient had an average daily urinary excre- 
tion of 77 gm. albumin. On October 29th he 
had a sudden severe pain in the left chest, fol- 
lowed by dyspnea, shock and left-sided pleuritic 
pain. His temperature rose to 103.6°F. and the 
leukocyte count to 57,600. Signs and symptoms 
of thrombophlebitis of the veins of the left lower 
extremity and pelvis were noted. On heparin 
therapy the thrombophlebitis gradually cleared. 
Moderate anemia developed. On November 6th 
a pericardial friction rub was heard. Without 
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further apparent change in his condition he 
expired on November 11th, the ninety-fifth day 
after his initial hospitalization. 


TABLE 1 
SUMMARY OF LABORATORY DATA 
| Hemo- 
Hospital g 
Days NPN_ | Cholesterol | Albumin | Globulin 
(mg. %) | (mg. %) (gm. %) | (gm. %) an 
| 
11 43 wikia 15.0 
28 46 640 14.8 
33 es 750 1.2 2.1 16.0 
57 30 624 1.2 3.1 15.7 
73 38 542 1.8 
83 35 460 1.6 2.0 14.4 
Urinalyses 
Hospital | Specific 
Days | Gravity Protein Microscopic 
1.030 3+ Occasional WBC 
11 1.030 4+ | Negative 


Occasional WBC; many granular casts 
3-5 RBC/HPF; many granular casts 
5-10 RBC/HPF; occasional 
and waxy casts 
Loaded with WBC 
1-3 RBC/HPF; 6-10 WBC/HPF; 
frequent oval fat bodies and granular 
casts; occasional hyaline cast 


The pertinent autopsy findings were as fol- 
lows. The body was pale and emaciated, the 
abdomen protuberant. There was pitting edema 
of the dependent parts. The abdominal cavity 
contained 2,500 cc. of clear fluid, the right 


21 1.028 2+ 
31 1.026 3+ 
45 1.020 3+ 
68 1.025 3+ 
73 ae 3+ | 
| | | 
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Fic. 2. Section of testis showing an acute necrotizing arterial lesion. Note the in- 


“oy 


flammatory exudate within the arterial wall. 


pleural cavity 1,500 cc., the left pleural cavity 
2,000 cc. and the pericardial cavity 125 cc. The 
lower lobes of both lungs were dark purple in 
color and on section the vessels were seen to con- 
tain many firm pinkish-tan thrombi. The heart 
and coronary vessels appeared normal. The 
spleen weighed 290 gm. and the liver 2,315 gm. 
Both kidneys were enlarged: the left weighed 
390 gm., the right 295 gm. (Fig. 1.) The surfaces 
were smooth and generally white with a few 
areas of dark red mottling. The cortex of both 
kidneys was thickened and light tan in color. 
The medullae were normal. Both renal veins 
were filled with thrombi which had a granular 
surface and extended from the mouths of the 
renal veins into the renal substance beyond the 
arcuate veins. There were no thrombi present in 
the inferior vena cava or iliac veins. The veins 
of the lower extremities were not examined. 
Microscopic examination of the heart showed 
widespread focal areas of degeneration of the 
myocardium with loss of myocardial fibers, 
increase in interstitial nuclei and the presence of 
macrophages, lymphocytes and mast cells. The 
major coronary arteries showed moderate 
intimal thickening, while the smaller radicles 
showed slight sclerosis. No definite evidence 
of arteritis was seen in multiple sections reviewed. 
In the testicles the small arteries showed fibri- 
noid degeneration of the media with polymor- 
phonuclear infiltration of the vessel wall and 
surrounding tissue. (Fig. 2.) Most of the small 
and medium-sized pulmonary arteries, especially 


those to the lower lobes, contained partially or 
well organized thrombi. The liver showed dis- 
tention of the central veins and sinusoids. One 
section showed inflammatory infiltration of the 
wall of a branch of the hepatic artery in Glisson’s 
capsule. The pancreas showed occasional small 
foci of necrosis and one small artery showed 
fibrinoid degeneration of the muscular coat and 
perivascular round cell infiltration. Despite 
intensive search of multiple kidney sections no 
evidence of any glomerular abnormality was 
found. The capillary tufts were intact and a thin 
basement membrane was present. Bowman's 
capsule and the tubules contained pink staining 
fluid. Some tubules were packed with acute and 
chronic inflammatory cells in various stages of 
disintegration and most tubules were distended. 
The tubular epithelium was absent in places and 
various stages of degeneration and repair were 
observed in other areas. Focal and diffuse in- 
flammatory cell infiltrates were present through- 
out the interstitial tissue. Almost all of the veins 
contained thrombi in various stages of organiza- 
tion. Those at the corticomedullary junction 
appeared older and were fibrosed. The renal 
arteries and arterioles showed no definite 
evidence of arteritis, although many of the 
arcuate arteries revealed a splitting and various 
degrees of disruption of the elastic lamellae. 

The final anatomic diagnosis was: bilateral 
thrombosis of renal veins; nephrosis, severe; 
polyarteritis nodosa involving testes, pancreas 
and liver; myocarditis, focal, severe; pulmonary 
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artery thromboses (embolic?), multiple, involv- 
ing all lobes of both lungs; anasarca, moderate. 


COMMENTS 


In experiments performed on dogs Rowntree, 
Fitz and Geraghty* showed that bilateral com- 
plete constriction of the renal veins (or unilateral 
renal vein constriction with the other kidney 
removed) could be produced gradually with 
maintenance of good renal function. Initially, 
the urine contained protein, red blood cells, 
hyaline and granular casts. After weeks or 
months the animals appeared in good health 
and renal function was normal, although mild 
albuminuria usually persisted. In explaining the 
lack of ill effects in the dog after renal vein 
obstruction, the authors emphasized the impor- 
tance of the development of collateral venous 
channels from the kidneys. Marked enlargement 
of the capsular, ovarian, lumbar, adrenal and 
ureteral veins was observed. 

Although the clinical diagnosis of renal vein 
thrombosis in adult man had been made a num- 
ber of times previously,’ Shattock'’ in 1913 first 
described a case in detail with postmortem 
findings. His patient had albuminuria which 
persisted for twenty-five years but at no time was 
there evidence of renal insufficiency or of the 
nephrotic syndrome. Autopsy revealed complete 
occlusion of the inferior vena cava from below 
the hepatic veins to and including the common 
iliac veins. The renal veins were occluded at their 
entrance to the inferior vena cava. A number of 
similar cases have been reported since.*:!! 

In 1939 Derow and co-workers‘ reported a 
patient with recurrent thrombophlebitis in 
whom the nephrotic syndrome was present for 
more than a year prior to death. Autopsy 
revealed almost complete occlusion of the entire 
inferior vena cava from the common iliac veins 
to a level just below the hepatic veins. Both 
renal veins were occluded from the inferior vena 
cava to the hilus of the kidney, and there was 
also occlusion of the portal, splenic, inferior 
mesenteric and superior mesenteric veins. Simi- 
larly, Fishberg® observed a patient with migrat- 
ing phlebitis who subsequently manifested the 
nephrotic syndrome for two years and who, at 
necropsy, showed a canalized thrombosis of 
the inferior vena cava and both renal veins. He 
observed that the nephrotic syndrome could be 
produced ‘“‘in all its details by thrombosis of 
the renal veins.”’ Bell® and Allen’ have each 
described an additional case of the nephrotic 
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syndrome resulting from bilateral renal vein 
thrombosis. 

In the patient we have presented (the fifth 
such case), the nephrotic syndrome with hypo- 
albuminemia, albuminuria, anasarca and hyper- 
cholesterolemia was observed for almost three 
months before the patient expired. Albuminuria 
was marked throughout the patient’s illness but, 
in addition, occasional urine specimens con- 
tained some red blood cells, white blood cells, 
hyaline, granular and waxy casts. (Table 1.) 
These are essentially the same findings which 
were observed by Derow et al.* The blood pres- 
sure was normal throughout the course of our 
patient's illness. Hypertension was previously 
noted only in the case reported by Bell.® This is 
in keeping with the experimental observation 
that bilateral renal vein occlusion in the dog 
produces only transient hypertension in some 
animals and no blood pressure elevation in 
others. 12.13 

At postmortem examination in our case we 
found thrombosis of both main renal veins ex- 
tending into the renal parenchyma. (Fig. 1.) 
In addition, arterial lesions of polyarteritis 
nodosa were found. These were numerous in 
the testes (Fig. 2) but only a few isolated lesions 
were found elsewhere (liver capsule and pan- 
creas). In the kidneys no evidence of active 
arteritis was found but many of the arcuate 
arteries showed splitting and disruption of the 
elastic lamellae. It is difficult to postulate what 
role these polyarteritic lesions played in the 
course of this patient’s illness, although it is 
possible that renal venous wall involvement 
(none was actually demonstrated) may have 
been responsible for the renal vein thrombosis. 
The possibility also exists that the arterial lesions 
may have been a result of the patient’s allergic 
response to the penicillin which was administered 
after the onset of the nephrotic syndrome. Simi- 
lar arterial lesions were observed clinically and 
experimentally by Rich'*:'® after the administra- 
tion of sulfonamides and they were considered 
to be manifestations of hypersensitivity. More 
recently Harkavy'® has noted the occurrence of 
necrotizing arterial lesions in some cases with 
penicillin sensitivity. 

In the patient with thrombosis of the inferior 
vena cava and renal veins studied by Shattock,'° 
it was postulated that the thrombosis may have 
arisen as a result of previous dissection within the 
venous wall (a counterpart to medial dissection 
of the aorta). This remains only supposition to 
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the present. It would appear more likely that 
such thrombosis is generally secondary to a 
thrombophlebitis although, admittedly, the 
origin or etiology of the thrombophlebitis may 
be unknown. 

There does not appear to be any distinctive 
clinical pattern to the nephrotic syndrome oc- 
curring with renal vein thrombosis although the 
paucity of reports prevents any broad view of 
the subject. A grossly abnormal urinary sediment 
was present in our patient and in the other case* 
in which detailed analyses were given. The 
clinical history is given in three of the cases 
previously reported.*~® In two of these patients 
there was clear-cut evidence of recurrent 
thrombophlebitis in the lower extremities. Al- 
though this condition was not noted in our case 
until after the onset of the nephrotic syndrome, 
it may have been present earlier but not de- 
tected. At the present time it would appear that 
the only way to make the diagnosis of bilateral 
renal vein thrombosis in a patient with the 
nephrotic syndrome with fair certainty ante- 
mortem, short of direct observation at surgery, 
would be by dye visualization of the inferior 
vena cava or the renal veins. The use of this 
method has not been reported. 


SUMMARY 


Bilateral renal vein thrombosis in the adult 
may produce the complete picture of the ne- 
phrotic syndrome. Such a case is reported to- 
gether with a review of the literature. In addition 
to the renal vein thromboses, necropsy revealed 
necrotizing arterial lesions in several organs. 
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Selective Sensitivity of the Purkinje Cells 
of the Cerebellum * 


I). A. FREEDMAN, M.D. and J. C. Rourke, M.D. 
New Orleans, Louisiana 


HE selective sensitivity of particular ele- 
ments of the neuraxis to both exogenous 
I and endogenous influences, although little 
understood, is well recognized. Instances of 
preponderant damage to the substantia nigra 
by the virus of epidemic encephalitis, to the 
anterior horn cell by the virus of poliomyelitis, 
and to the basal ganglia by carbon monoxide, 
manganese or copper are well known. Evidence 
is accumulating that the reticular formation of 
the brain stem is particularly sensitive to ether 
and the barbiturates.* While sufficiently intense 
exposure to most toxic agents will presumably 
affect many elements of the nervous system, it 
would seem that anatomic and chemical fac- 
tors, which for the most part remain obscure, 
will tend to result in a predilection on the part of 
particular neural structures for particular 
agents. It is the purpose of this paper to call 
attention to yet another instance of relatively 
selective sensitivity on the part of an anatomic 
structure within the nervous system. 


CASE REPORTS 


Cas—E 1. A twenty-two year old Air Force 
cadet was admitted to a military hospital on 
May 5, 1943. Twenty-five days before admission 
a purulent urethral discharge, from which gram- 
negative intracellular diplococci were smeared, 
developed. Treatment with both sulfathiazole 
and sulfadiazine did not affect the discharge 
however, and three weeks prior to admission 
he experienced the first of several attacks of 
right lower quadrant abdominal pain accom- 
panied with nausea and relieved by vomiting. 
About the same time he noted several “‘lumps”’ 
in his right groin. On the day prior to admission 
he had a temperature of 102°F. Past and family 
histories were non-contributory. On physical 
examination the positive findings were mild 
tenderness to palpation in both the epigastrium 
and right lower abdominal quadrant, glands in 


the right groin, and a thick yellow purulent 
urethral discharge. The neurologic examination 
was normal. Hemograms, serologic tests and 
urinalysis were within normal limits aside from 
ten to twelve pus cells per high power field in the 
urine. 

Because of his failure to respond to sul- 
fonamides on the third hospital day three 
intravenous injections (0.2, 0.2 and 0.15 cc.) 
of typhoid vaccine were administered at two- 
hour intervals. Immediately after the third 
injection the patient “complained excessively 
loudly of precordial pain, became spastic and 
lapsed into unconsciousness.” His axillary 
temperature at this time was recorded as 110°F. 
The pupils were small and the jaw held tightly 
shut. The tendon reflexes were everywhere 
brisk. The plantar responses were flexor. One 
hour later, despite prompt institution of measure 
to control his fever, the temperature was 108°F., 
the pulse 120 and irregular, and the blood pres- 
sure 80/0. Generalized seizures developed for 
which he was given sodium pentothal intra- 
venously. Blood pressure remained depressed, 
pulse fast and irregular, and temperature 
elevated above 104°r. for the next twelve hours. 
Thereafter there was a gradual defervescence 
with occasional elevations to 105°F. On the third 
day the patient became icteric. A left pleural 
effusion was noted. One week later broncho- 
pneumonia developed which gradually cleared. 
Thirty-five days after admission the temperature 
was normal. 

One day after the injection of typhoid vaccine 
the red count dropped to 3.75 million and the 
hemoglobin to 50 per cent. Differential blood 
smear revealed 40 stab forms, 47 segmented 
polymorphs and 13 lymphocytes. The non- 
protein nitrogen on the following day was 83, 
urea nitrogen 28, chlorides 561 mg. per cent, and 
CO, combining power 29 vol. per cent. The 
icteric index rose to 19 on the third day and the 


* From the U. S. Veterans’ Administration Hospital, New Orleans, La. 
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prothrombin time was 50 per cent of normal. 
The urine albumin was 2+ and many granular 
casts were noted on microscopic examination. 

Treatment during the acute period consisted 
of measures to lower the temperature. The pa- 
tient was placed in an oxygen tent and given 
whole blood and plasma transfusions. Six days 
following the onset he would protrude his tongue 
on command and would attempt to talk. He 
could not, however, make intelligible sounds. 
Four days later it was possible to remove him 
from the oxygen tent. He was noted to be agi- 
tated and restless and to sleep only for short 
intervals. His movements were described as 
choreo-athetoid in character. He could not grip 
with his left hand. Tendon reflexes were brisk 
and plantar responses flexor. 

One month later he was described as emo- 
tionally labile. Most of the time he remained 
on his back with his arms flexed on his trunk. 
Passive movements were resisted. The athetoid 
movements had disappeared but the patient was 
too clumsy to feed himself, stand or walk. He 
could not talk intelligibly. Psychologic testing 
two months after the onset revealed a markedly 
dysarthric and emotionally labile individual 
who tended to perseverate. There was some 
motor aphasia. 

Two months later he was transferred to a 
veterans’ facility where he remained six months. 
A note at the time of his discharge describes the 
patient as being able to walk unassisted, feed and 
dress himself. There was a marked articulatory 
speech defect. His gait was considered to be 
spastic. 

The patient was admitted to the Veterans’ 
Administration Hospital, New Orleans, La., in 
September 1953 for re-evaluation of his physical 
status. On examination he proved to be a well 
developed and nourished young man. His speech 
was markedly dysarthric. He walked with a 
broad based, somewhat staggering and ques- 
tionably spastic gait. On both heel to knee and 
finger to nose tests there was marked decomposi- 
tion of movement. Past pointing was evident 
both with the eyes open and closed. Rapid 
alternating movements were poorly performed 
bilaterally. The tendon reflexes were hyper- 
active but symmetrical. Plantar reflexes were 
flexor, abdominal and cremasteric reflexes were 
active and symmetrical. Cranial nerves, sensa- 
tion and intellectual function were unimpaired. 
Laboratory studies including electro-encephalo- 
gram, skull x-rays, serologic tests, hemograms 
and urinalysis were all within normal limits. 


Comment. The presenting picture was one of 
marked cerebellar deficit. Two features, the 
rather spastic character of the gait and the brisk 
tendon reflexes, might represent more extensive 
involvement of the nervous system. In view, 
however, of the normal superficial reflexes and 
electro-encephalogram we are inclined to the 
opinion that the spasticity represents involve- 
ment of the anterior cerebellum. 

ul. A sixty-three year old man was 
admitted to the hospital November 12, 1952, 
with high fever and acute delirium. There was a 
history of sudden onset of hard shaking chills, 
profuse diaphoresis, high fever and cough pro- 
ductive of yellow sputum two days prior to 
admission. A high but unrecorded fever had 
persisted throughout the second day of illness. 
The patient became weak and listless, and on the 
morning of admission, was acutely delirious. 

Physical examination revealed a well devel- 
oped, slightly obese, elderly man who was 
acutely ill, dehydrated, mentally disoriented and 
in a state of agitated delirium. Temperature was 
104°F. rectally, respirations 40 per minute, 
pulse 140 per minute, blood pressure 128 82. 
Respirations were short, rapid and with an 
expiratory grunt. There were medium and fine 
moist rales heard over the right upper lung field. 
A tender but soft and smooth liver was palpable 
three fingerbreadths below the right costal 
margin. The skin was hot and dry. Neurologic 
examination revealed a stuporous, acutely ill 
man with occasional periods of agitated delirium. 
He reacted only to painful stimuli. The deep 
tendon reflexes were generally hypoactive but 
equal, superficial reflexes could not be elicited: 
there was no paralysis or tremor. 

Laboratory examination revealed a_ leuko- 
cytosis of 16,400 with 96 per cent neutrophils, 
4+ albuminuria, blood urea nitrogen of 26 mg. 
per cent, plasma CO, of 18.8 mEq./L., and 
serum chlorides of 90 mEq./L. Blood culture was 
negative. Sputum culture grew out rare colonies 
of Staphylococcus aureus, beta hemolytic strepto- 
coccus and alpha streptococcus, but was negative 
for pneumococci. Three sputum concentrates 
were negative for acid-fast bacilli. At the time 
of admission the serum bilirubin was 1.7 mg. 
per cent and there was BSP retention of 9 per 
cent at the end of forty-five minutes. Spinal 
fluid examination revealed clear colorless fluid 
under normal pressure. Complement fixation 
and colloidal gold tests were normal. A culture 
was sterile. Chest x-ray on admission revealed 
pneumonia of the basilar portion of the right 
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upper lobe. X-rays of the skull were normal. 
Both electrocardiogram and electro-encephalo- 
gram were normal. Three sputum examinations 
for malignant cells were negative. Skin tests for 
tuberculin, coccidioidin and histoplasmin were 
negative. 

The patient was treated with large doses of 
procaine penicillin, and with streptomycin 1 gm. 
daily. When the rectal temperature exceeded 
105°F., intravenous fluids and electrolytes were 
administered and frequent alcohol sponges 
initiated. 

During the first thirty-six hours the patient 
remained acutely ill, tachypneic and delirious 
with rectal temperatures ranging from 104 to 
106°r. Thereafter and through the third and 
fourth hospital days, he gradually improved 
with decreased tachypnea and a fall in tempera- 
ture from 102.4°F. rectally on the morning of the 
third hospital day to normal by the morning of 
the fifth hospital day. During this period his 
sensorium rapidly cleared. On the fourth hospital 
day it was noted that his speech was markedly 
slurred, garbled and rather explosive and 
staccato in quality. By the end of the first week 
he was recovered from his infection and was 
ambulatory; however, a persistent dysarthria, 
slight difficulty in swallowing with occasional 
regurgitation of liquid through the nose, im- 
pairment of use of the right hand and upper 
extremity for skilled movement, slight ataxia 
of both upper extremities with terminal tremor 
and overshooting on the past pointing test 
were noted. During the next eight weeks patient 
was given speech training but made little 
improvement. He was discharged from the 
hospital January 13, 1953. At that time x-ray 
of the chest revealed complete clearing of the 
pneumonic infiltration. 

Follow-up examination six months later re- 
vealed marked slurring of speech, difficulty in 
swallowing with regurgitation of fluid through 
the nose, and ataxia of the upper extremities, 
more marked on the right. The remainder of the 
neurologic examination was normal. It was 
believed that there had been no essential change 
in the positive findings during the intervening 
six months. 


REVIEW OF THE LITERATURE 


The neurologic findings, ataxia, dysarthria 
and dysdiadokinesis suggest cerebellar disease. 
The freedom from involvement of other con- 
tiguous elements of the neuraxis suggests a 
parenchymatous process. Parenchymatous de- 
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generation of the cerebellum has been widely 
recognized since 1922 when Marie, Foix and 
Alajouanine® reviewed the literature and re- 
ported five cases of progressive ataxia, dysarthria 
and dysdiadokinesis in elderly individuals. The 
average age of their patients was fifty-seven, 
with ages ranging between forty and seventy-six. 
By 1933 Parker and Kernohan® were able to 
find reports of thirteen such cases in addition to 
one of their own. Aside from the relatively 
advanced ages of their patients neither Marie et 
al. nor Parker and Kernohan were able to 
detect any characteristics of this syndrome which 
might be of etiologic import. Those cases which 
came to autopsy showed marked involution of 
the Purkinje cells, particularly of the dorsal 
and lateral aspects of the cerebellum. There 
were minor, if any, changes elsewhere in the 
nervous system. Romano, Michael and Merritt!’ 
in 1940 published five similar cases. Their 
patients, none of whom were examined post- 
mortem, all had long histories of chronic 
alcoholism. Marie et al. specifically excluded 
alcohol as an etiologic factor in four of their 
five cases. 

The syndrome presented by our patients shows 
certain noteworthy differences from the paren- 
chymatous cerebellar syndrome of late life. 
Most striking are the abrupt onset of symptoms 
following an episode of hyperpyrexia and the 
non-progressive course. Weisenberg'* as early 
as 1912 reported an instance of non-progressive 
ataxia and dysarthria having its onset following 
sunstroke. He also refers to two cases described 
by Nonne. Similar cases have been published by 
Stewart’? and Freeman and Dumoff.‘ Their 
patients, thirty-two and thirty-eight years of age, 
respectively, had each experienced a sunstroke 
with coma and prolonged hyperpyrexia. Cere- 
bellar signs including dysarthria, ataxia and 
dysdiadokinesis were noted on recovery from 
the acute episode. These had not changed during 
a follow-up period of several years in the case of 
Stewart’s patient. McAlpine® mentions without 
giving details three similar cases which he en- 
countered among British troops in the Middle 
East and India. Two of these individuals re- 
covered, the third had a persisting cerebellar 
syndrome. More recently Cruickshank! reported 
the same sequence of events in the course of 
acute rheumatism. The patient, a man of twenty 
years, experienced his first attack of rheumatic 
fever. His temperature at one point reached 
110°F. by rectum. On recovery he presented 
a severe but not progressive cerebellar syndrome. 
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Silverman and Wilson!! describe a_ similar 
complication in a woman of thirty-nine in whom 
hyperpyrexia developed with temperatures as 
high as 108.4°F., following thyroidectomy. One 
year postoperatively this woman was still 
institutionalized with crippling but non-progres- 
sive ataxia. Freedman and Schenthal* reported 
two similar cases. One of their patients had at 
the time of examination been chairridden for 
twenty-five years following a systemic infection 
at age thirty-three. On examination she presented 
a severe cerebellar syndrome with trunkal 
ataxia as well as involvement of the extremities 
and marked dysarthria. After a period of 
improvement her condition had remained static 
for twenty-two years. Their second patient, a 
fifty-one year old ship’s engineer, suffered heat 
stroke while on duty. A similar syndrome of 
dysarthria and dysdiadokinesis persisted eighteen 
months later. 

None of these patients have come to autopsy. 
Freeman and Dumoff,‘ however, examined the 
brain of a previously well man who died with 
hyperpyrexia following sunstroke. They noted 
marked reduction in the number together with 
alterations in the remaining Purkinje cells of 
the cerebellum. Malamud, Haymaker and 
Custer,’ in an exhaustive study of the pathologic 
findings in heatstroke, made similar observa- 
tions. They state that changes in the cerebellum 
were more striking, more consistent and more 
rapid in development than in any other part of 
the brain. The Purkinje cells were the earliest 
and the most severely damaged of all cellular 
elements. Except in cases of several days’ 
survival the molecular and granular layers of 
the cerebellum showed only glial proliferation. 
Alterations of the cerebral hemisphere were later 
in development and less marked than those of the 
cerebellum. 

OBSERVATIONS 


It is evident from the foregoing that on a 
historical basis at least two parenchymatous 
cerebellar syndromes can be differentiated. 
Whether the syndrome of Romano, Michael and 
Merritt can justifiably be separated from that of 
Marie, Foix and Alajouanine is, we believe, an 
open question. Precisely the same sequence of 
events has been described in individuals both 
with and without a history of alcoholism. Table 1 
summarizes the salient points of difference 
between what might be called progressive 
and non-progressive parenchymatous cerebellar 
disease. 
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The common feature presented by both 
syndromes is the selective development of ataxia, 
dysdiadokinesis and dysarthria together with a 
pathologic correlate—involution of the Purkinje 
cells. In neither syndrome is it apparent, how- 
ever, why precisely this element of the neuraxis 


TABLE | 
| 
Progressive Non-progressive 
Age at onset............) Average 57 Average 37 (20-63) 
(40-76) 
Nature of onset.......... Insidious Abrupt 
Antecedent illness... . _ None (alcohol- 
ism in 
| cases) | 
Progressive Non-progressive; may be 
early improvement or 
recovery 
Pathology . ... Cerebellar No clinical case exam- 
atrophy with ined; cases dying of heat 


| involvement stroke showed predomi- 
limited to nant involvement of 
_ Purkinje cells | Purkinje cells 

| 


should be principally involved. An explanation 
based on such anatomic considerations as the 
location of the Purkinje cells and their blood 
supply loses much of its force when it is con- 
sidered that the involuted cells lie sandwiched 
between relatively intact molecular and granular 
layers. Similarly the possibility that anoxia, 
secondary either to the vascular changes of 
advanced age or to those associated with heat- 
stroke, is the answer fails to take into account the 
demonstration '* that the small pyramidal cells of 
the cerebral cortex are more susceptible to 
anoxia than are the Purkinje cells. One is left 
with the conclusion that on the basis of some as 
yet unidentified metabolic process the Purkinje 
cells may respond with greater sensitivity to 
both aging and hyperpyrexia than will other 
cellular elements of the nervous system. In this 
connection it is of interest that Brain, Daniel and 
Greenfield,? have recently reported subcortical 
cerebellar degeneration in association with 
carcinoma. While other structures were involved 
in their patients, the most conspicuously dam- 
aged cells were those of Purkinje. It is their 
conclusion that the Purkinje cells are especially 
vulnerable to either extrinsic poisons or internal 
metabolic disturbances. 


SUMMARY 


A non-progressive parenchymatous cerebellar 
syndrome following abruptly upon an episode of 
hyperpyrexia is described. The relevant litera- 
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ture is reviewed and the syndrome is differ- 
entiated from progressive parenchymatous cere- 
bellar degeneration. Evidence is_ presented 
indicating that both the progressive and non- 
progressive syndromes are associated with 
involution of the Purkinje cells. 


REFERENCES 


1. Cruicksuank, K. Cerebellar damage in acute 
rheumatism. Lancet, 1: 1052-1053, 1951. 

2. Brain, W. R., Daniec, P. M. and Greenrie.p, J. G. 
Subacute cortical cerebellar degeneration and its 
relation to carcinoma. J. Neurol., Neurosurg. @& 
Psychiat., 14: 59-75, 1951. 

3. FreepmMan, D. A. and Scuentuar, J. E. A paren- 
chymatous cerebellar syndrome following high 
body temperature. Neurology, 3: 513-519, 1953. 

4. Freeman, W. and Dumorr, E. Cerebellar syndrome 
following heat stroke. Arch. Neurol. & Psychiat., 
51: 67-72, 1944. 

5. Frencn, J. D., VerzeEano, M. and Macoun, H. W. 
A neural basis of the anesthetic state. Arch. 
Neurol. & Psychiat., 69: 519-529, 1953. 

6. McA pine, D. Neurologic experiences in the Middle 


DECEMBER, 1954 


10. 


11. 


12. 


13. 


14. 


East and India. Proc. Roy. Soc. Med., 39: 169-173, 
1946. 


. Macamup, N., Haymaker, W. and Custer, R. P. 


Heat stroke. Military Surgeon, 99: 397-449, 1945. 


. Marte, P., Forx, C. and ALayouanine, T. De l’atro- 


phie cerebelleuse tardive. Rev. neurol., 29: 849-885, 
1082-1111, 1922. 


. Parker, H. L. and Kernonan, J. W. Parenchym- 


atous cortical cerebellar atrophy. Brain, 56: 
191-212, 1933. 

Romano, J., MicHaet, M. and Merritt, H. W. 
Alcoholic cerebellar degeneration. Arch. Neurol. @ 
Psychiat., 44: 1230-1236, 1940. 

SILveRMAN, J. L. and Witson, J. E. Unusual com- 
plication following thyroidectomy; heat stroke 
with permanent cerebellar damage. Ann. Int. Med., 
33: 1037-1041, 1950. 

Stewart, R. M. On the occurrence of a cerebellar 
syndrome following heat stroke. Rev. Neurol. © 
Psychiat., 16: 78-93, 1918. 

WEINBERGER, L. M., Gippon, M. H. and Gipson, 
J. H., Jr. Temporary arrest of the circulation to 
the central nervous system. 1. Pathologic effects. 
Arch. Neurol. & Psychiat., 43: 961-986, 1940 

WetsensurG, T. H. Nervous symptoms following 
sunstroke. J. A. M. A., 58: 2015-2017, 1912. 


7 


Autonomic Nervous System Involvement 
in Diabetic Neuropathy’ 


With Emphasis upon Diarrhea As a Manifestation TI hereof 


LEONARD H. BRANDON, JR., M.D. 
Starkville, Mississeppi 


HE literature in recent years has con- 
| tained several references to the varied 
manifestations of diabetic neuropathy. 
However, with many physicians the classical 
view has persisted that the condition is limited 
to the peripheral nerves and is characterized by 
symptoms of peripheral neuritis. It is not well 
known that autonomic nervous system disturb- 
ances due to diabetic neuropathy can involve the 
gastrointestinal tract, the genitourinary system 
and the peripheral autonomic nerve fibers. 

The author recently encountered an interest- 
ing patient with diabetic neuropathy in whom 
diarrhea was the presenting complaint. Evi- 
dence of peripheral neuritis was initially so 
meager that the correct diagnosis was not 
suspected. It is hoped that the case report which 
follows will stimulate interest in the subject and 
lead to the correct diagnosis in certain cases 
nresenting puzzling diarrheas of unknown 
etiology. 

CASE REPORT 


J. H., No. 48-686, was a forty-seven year old 
white male who entered the Thayer Veterans 
Administration Hospital, Nashville, Tennessee, 
on December 30, 1953, with a complaint of 
diarrhea of five months’ duration. He had had 
diabetes mellitus for six years, had been admitted 
to this hospital several times with acidosis but 
had never been in coma. He was taking 35 units 
of NPH insulin and 15 units of regular insulin 
daily. 

In August, 1953, five months prior to admis- 
sion, the patient noted onset of diarrhea consist- 
ing of five to fifteen brownish-yellow, watery 
stools a day. Between episodes of diarrhea the 


bowel movements were normal. Nocturnal fecal 
incontinence was a frequent complaint. After 
meals there was a tendency to have one to 
three bowel movements, these usually associated 


with “rolling and tumbling inside.”’ There had 


been no blood observed in the stools nor were 
there any significant facts in the past history 
relating to the gastrointestinal tract. 

Three months following the onset of these 
symptoms the patient was admitted to this 
hospital suffering from severe diarrhea, polyuria, 
polydypsia and weakness. He had lost 16 pounds 
in weight. Pertinent physical findings included 
absent ankle jerks, barely elicitable knee jerks 
and muscular tenderness and wasting. Labora- 
tory data were as follows: Blood sugar 465 mg. 
per cent; carbon dioxide combining power 25.9 
mEq. L.; five stools negative for blood, ova 
and parasites while a sixth showed a trace of 
occult blood; barium enema, negative. Although 
rigid control of the diabetes was not attained, 
the diarrhea cleared spontaneously and_ the 
patient was discharged. 

An exacerbation of diarrhea occurred after 
three weeks and did not respond to paregoric. 
He was re-admitted on December 30, 1953, at 
which time the following history suggestive of dia- 
betic neuropathy was obtained: About one month 
prior to the onset of the first attack of diarrhea 
complete loss of potency had occurred although 
libido had remained strong. There were no 
other genitourinary complaints. During this 
period he noticed the onset of sharp pains, 
numbness and sensations of cold in the lower 
extremities. At times the plantar surfaces of the 
feet were quite painful. For several months he 
had experienced swelling of the feet which 


* From the Medical Service, Thayer Veterans Administration Hospital, Nashville, Tenn. Published with the 
permission of the Chief Medical Director, Department of Medicine and Surgery, Veterans Administration, who assumes 
no responsibility for the opinions expressed or conclusions drawn by the author. 
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required him to unlace his shoes after periods of 
standing. 

Physical examination revealed an emaciated 
male appearing chronically ill and weak. Blood 
pressure was 80/60; pulse, 100. The skin was 
dry and loose. Pupils were small and reacted 
slowly to light. There was no evidence of diabetic 
retinopathy. Liver dullness extended 4 cm. below 
the right costal margin but the liver could not be 
palpated. Generalized weakness was present 
without localizing signs. The muscles were 
hypotonic with good coordination. Deep tendon 
reflexes in the arms were diminished; the knee 
jerks were obtained only with reinforcement. 
Ankle jerks were absent. Plantar stimulation 
gave equivocal Babinski signs. Superficial re- 
flexes were intact. Bilateral stocking and glove 
hypesthesia to pain and light touch extended 
proximally to the knees and wrists. There was 
slight impairment of vibratory sensation in the 
ankles but position sense was normal. 

Pertinent laboratory data follows: Urinalysis 
sugar, four-plus; acetone, four-plus. Blood 
sugar—216 mg. per cent. Carbon dioxide 
combining power—21 mEq./L. Numerous stool 
examinations and cultures, negative. Spinal 
fluid, negative. Stool quantitative fat determina- 
tion, normal. Roentgenologic studies of the 
colon, upper gastrointestinal tract and the 
small bowel were considered normal. Sig- 
moidoscopy showed no abnormal findings. 

Because of a history of reduced sweating, a 
sweat test with iodine and starch was done. This 
revealed scattered and irregular areas of dimin- 
ished and absent sweating which was most 
marked over the distal portions of the extremities. 

About one month after admission the patient 
experienced an attack of agonizing continuous 
pain in each leg below the knee. The calf 
muscles were exquisitely tender and the skin was 
hyperesthetic with burning sensations. These 
were the first subjective symptoms of peripheral 
neuritis observed during his stay in the hospital 
and required demerol® for relief. Attacks of 
somewhat lessened severity continued to occur 
at frequent intervals. 

Treatment was directed toward rigid control 
of the diabetes. Insulin dosage was increased to 
70 units NPH insulin and 30 units regular 
insulin. Although a high calorie, low residue 
diet was prescribed, normal weight was not 
regained; and only partial relief of diarrhea 
occurred. Various therapeutic agents were 
administered, including atropine, crude liver 
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extract, vitamin B,2, pregnant mammalian liver 
extract (biohepulin) and BAL (British anti- 
lewisite). With the exception of BAL none of 
them caused any significant effect. Considerable 
improvement in the peripheral neuritis as well 
as the diarrhea was noted during administration 
of BAL. At the time of discharge, however, the 
patient continued to have intermittent bouts of 
diarrhea, and the symptoms of peripheral neuri- 
tis involving the lower extremities were still 
troublesome on some days. 

Comment. ‘This case of diabetic neuropathy is 
of interest because diarrhea was the presenting 
complaint. The usual symptoms of peripheral 
neuritis were not sufficiently troublesome to cause 
the patient to mention them spontaneously, al- 
though evidence to suggest their presence was ob- 
tained by direct questioning. Serious peripheral 
neuritis did develop, however, during his stay in 
the hospital. Since this complication is not un- 
usual following the institution of insulin therapy 
in previously untreated diabetics, ' it seems possi- 
ble that the appearance of severe neuritis symp- 
toms in this patient resulted from the vigorous 
treatment of the diabetes with considerable 
increases in insulin dosage. Although the pa- 
tient’s course was characterized by transient 
spontaneous remissions, definite over-all im- 
provement was noted after institution of treat- 
ment with BAL. 


MANIFESTATIONS OF AUTONOMIC DYSFUNCTION IN 
DIABETIC NEUROPATHY 


Gastrointestinal. One of the most complete 
accounts of autonomic involvement in diabetic 
neuropathy is found in Rundles’ article' in which 
he reviews 125 cases of all types. Complaints 
referable to the gastrointestinal tract were no 
more common in diabetics without neuropathy 
than in non-diabetics. In diabetic neuropathy, 
however, severe constipation occurring as a 
change of bowel habit associated with the onset 
of neuritic symptoms was the most common 
abnormality noted and occurred in 42 per cent 
of his cases. Diarrhea was the second most 
frequent complaint and was seen in twenty-seven 
cases (22 per cent). In eleven of these diarrhea 
alternated with constipation; six patients had 
recurrent episodes of diarrhea; ten had con- 
tinuous diarrhea. The diarrhea was often 
nocturnal in character, with fecal incontinence 
frequently noted. Meals were often followed by 
gaseous distention, borborygmi and urgent 
passage of two to four stools. Such stools were 
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usually liquid, light-colored and foul smelling. 
Examination of feces showed no excess fat, para- 
sites or undigested food particles. Nausea, 
vomiting and abdominal pain were relatively 
uncommon, especially in patients with diarrhea. 
Roentgenologic studies showed frequent in- 
stances of disturbed intestinal motility with 
puddling and scattering of barium.':® Patients 
with nausea and vomiting had prolonged gastric 
emptying. 

The intermittent character of “diabetic 
nocturnal diarrhea”’ has been stressed by Sheri- 
dan and Bailey.” Nocturnal fecal incontinence 
was found by them in thirty-one of fifty cases. 
No mention was made of the daytime occurrence 
of bowel movements. Peripheral neuritis was 
observed in twenty-two of forty cases and eleva- 
tion of spinal fluid protein in seventeen of 
eighteen cases in which spinal fluid examinations 
were performed. In contrast to the findings of 
Rundles and his associates,® upper gastroin- 
testinal x-rays in seventeen cases were normal. 

The clinical picture described by Rundles and 
by Sheridan and Bailey was confirmed in a 
recent review by Martin* in which he studied 
150 cases of diabetic neuropathy. Recurrent 
episodes of diarrhea occurred in 18 per cent. 
Investigations included sigmoidoscopy, barium 
enema and stool fat determinations; all were 
within normal limits. Half of his patients re- 
covered when good control of diabetes was 
established but the remainder did not improve 
despite this. 

Further reports are encountered in the litera- 
ture describing the diarrhea of diabetic neurop- 
athy.*—!?:'© However, in most of these it is 
mentioned briefly with little or no detailed ac- 
count of clinical characteristics. 

Genitourinary. Bladder distention was found 
in 14 per cent of Rundles’ cases.' Impotency, 
hesitancy, weakness of the urinary stream and 
acute retention sometimes preceded other 
symptoms of diabetic neuropathy. Martin’ found 
similar difficulties in 8 per cent of his cases. 
Cystometric examination in each series revealed 
an impaired or absent sense of bladder filling, 
low expulsive force and increased bladder 
capacity. Other patients have been reported, !?:"* 
one of whom responded well to control of the 
diabetes plus administration of prostigmin® and 
mecholyl.® 

Peripheral Autonomic Nerve Involvement. De- 
pendent edema not explainable on a cardiac, 
renal or hypoproteinemic basis was recorded in 
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28 per cent of Rundles’ cases.' He attributed it to 
involvement of the peripheral nerves of the 
autonomic nervous system. Other symptoms 
included trophic skin changes, perforating skin 
ulcers, decreased sweating, loss of pilomotor 
control and orthostatic hypotension. Martin*-'‘ 
found similar changes and described tests which 
demonstrated paralysis of sudomotor and vaso- 
constrictor fibers in 50 per cent of those tested. 
The remaining patients showed results similar to 
those seen after complete denervation of an 
extremity. 


PATHOLOGIC FINDINGS 


There is a dearth of material in the English 
literature concerning the pathology of the 
autonomic nervous system in diabetic neurop- 
athy. Necrosis of scattered nerve bundles and 
the presence of arteriosclerosis of the endoneural 
and perineural vessels was described by Wolt- 
man and Wilder.’ Little correlation was noted 
between clinical symptoms and the degree of 
arteriosclerosis. In biopsy specimens Martin'* 
thought the primary lesion was loss of axis 
cylinders with demyelination occurring as a 
secondary change. Loss of non-myelinated 
autonomic fibers was thought to exceed the loss 
of the large myelinated fibers. Postmortem 
examination in two of Rundles’ cases! revealed 
degeneration of the nerve trunks to the eso- 
phageal and celiac ganglia. 


ETIOLOGY AND PATHOGENESIS 


The few pathologic studies which have been 
performed provide a ready argument that 
diabetic neuropathy results from deficient blood 
supply. However, such an argument does not 
explain the occurrence of neuropathy in pa- 
tients without evidence of sclerosis nor does it 
explain the rapid recovery seen in some cases. 
Martin’s studies with skin temperature and 
oscillometric data argue against a vascular 
disorder as the etiologic agent. 

Rudy and Epstein'’ concluded from their 
studies that deficiency of vitamin B-complex was 
the cause of the condition. However, by their 
own admission 27 of 100 cases had adequate 
nutritional intake, thus suggesting either faulty 
digestion and absorption or some other factor. 
Investigations of pyruvate metabolism designed 
to measure deficiency of thiamine have been 
negative in diabetic neuropathy.’ 

Modern concepts of carbohydrate metabolism 
provide another theory of pathogenesis. It is well 
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known that nerve tissue depends in great part on 
carbohydrate for energy.'* The diabetic, by 
reason of insulin lack, is unable to utilize carbo- 
hydrate to the degree required for his metabolic 
needs and thus falls back upon fat for his 
energy requirements. '® Since lipids form no small 
part of the substance of nerves, the metabolic 
disorder in diabetes mellitus could result in 
depletion of lipid content of nerve tissue. A 
suggestive chemical confirmation of this theory 
has been provided.*":?! Analysis of diabetic and 
non-diabetic nerves for cholesterol, phospholipid 
and cerebroside showed a decrease in lipid con- 
tent of diabetic nerves. The degree of abnormal- 
ity increased as the clinical symptoms increased, 
and poor control of the diabetes apparently 
intensified the abnormality. 

From the data cited it seems possible that the 
pathologic change in the nerves of diabetic 
patients may result from two metabolic dis- 
turbances.' First, the nutritional requirements of 
the nerves are insufficiently supplied because 
of primary insulin deficiency which results in 
inadequate carbohydrate utilization. Second, 
the use of body fats to supply the caloric re- 
quirements of the body may result in removal of 
lipids from nerve tissue. Secondary factors such 
as arteriosclerosis and vitamin deficiency may 
contribute to the damage which occurs in the 
nerve but they do not explain all the manifesta- 
tions of the disease. 


TREATMENT 


In the treatment of diabetic neuropathy all 
authors agree that strict control of the diabetes 
is essential. Special effort should be made to 
maintain approximately normal blood sugar 
content. Caloric intake should be adequate to 
obtain a return to normal weight. This usually 
requires more calories than the average diabetic 
diet provides, and increased dosage of insulin is 
necessary in such cases. With such therapy, 
recovery usually occurs to some extent.® 

Efforts directed at discovery of some specific 
therapeutic agent have yielded interesting 
results. Bargen, Bollman and Kepler?? used 
pancreatic juice without beneficial effect. Sheri- 
dan and Bailey’ obtained good results in forty 
cases of diarrhea when treatment consisted of 
crude liver extract. However, Marble,** report- 
ing two years later from the same clinic, states 
that only two of those forty cases had prolonged 
remissions or possible cures. Two recent en- 
couraging reports®'® describe the use of preg- 
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nant mammalian liver extract (biohepulin) 
with improvement in 80 to 90 per cent of two 
series of cases. Schneider** obtained improve- 
ment in twelve of twenty-two patients in whom 
BAL (British anti-lewisite) was used. All these 
reports await confirmation. Crude liver extract, 
pregnant mammalian liver extract, vitamin Bi, 
vitamin Bj. and atropine were used in the case 
reported without benefit. Partial relief of the 
peripheral neuritis as well as a decrease in 
diarrhea was noted following administration of 
BAL. 
SUMMARY 


1. Autonomic nervous system involvement in 
diabetic neuropathy is frequently overlooked. 
Symptoms may be related to the gastrointestinal 
tract, the genitourinary system or the peripheral 
nerves and include constipation, diarrhea, 
bladder retention, impotency and _ trophic 
changes in the extremities. 

2. A case is presented of a diabetic in whom 
diarrhea was thought to be due to autonomic 
nervous system involvement. 

3. Recent evidence suggests that the neurop- 
athy may be due to metabolic defects asso- 
ciated with the diabetes. 

4. Treatment should be directed toward con- 
trol of the diabetes. Various agents are being 
investigated in an effort to discover a specific 
therapeutic agent. In the case reported the use 
of BAL was followed by some improvement. 
Crude liver extract, pregnant mammalian liver 
extract and other substances gave no relief. 
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Solitary (“Monotropic’) Thyrotropin 
Deficiency with Secondary Hypothyroidism’ 


Observations on Response to Thyrotropin, Growth Hormone and 
Sodium L-Thyroxin 


Martin C. SAMPSON, M.D., EDWARD RosE, M.D. and E>wARD HERBERT, PH.D. 
Philadelphia, Pennsylvania 


LTHOUGH incomplete or partial defi- 
A ciency of anterior pituitary hormones 
is well recognized, there have been only 
a few reported instances of solitary or ‘mono- 
tropic’ deficiency of anterior pituitary hormones. 
Deficiency of this type limited to the thyrotropic 
hormone has been described only once previ- 
ously to our knowledge.' It is our purpose to 
report herein an additional case in which certain 
other unusual features were present. 


CASE REPORT 


The patient, a twenty-seven year old white 
male student, was first seen by us in March, 
1952. In 1944 while in the Navy he developed 
symptoms which led to the diagnosis of ques- 


tionable duodenal ulcer. In the spring of 1949 


he lost 25 pounds in three months on a high 
protein, low calorie diet which was prescribed 
because of obesity. Soon afterward low grade 
fever appeared. He was studied in our hospital 
in the summer of 1949 and a diagnosis of possi- 
ble infectious mononucleosis was made. In late 
1949 after subsidence of the fever, chronic 
malaise persisted. 

Early in 1950 a group of symptoms appeared 
and recurred intermittently. These included the 
following: weakness, mental lassitude, drowsi- 
ness, intolerance to cold, polyuria, polydipsia, 
polyphagia, a sweet odor on the breath, craving 
for salt, air hunger, dyspnea on exertion, sharp 
pains in the mid-anterior chest, difficulty in 
focusing vision and fronto-orbital headaches. 
Faintness, sweating and nervousness often ap- 
peared after several hours’ fasting and were 
relieved by food. From 1950 to 1952 the patient 


was under considerable emotional stress. His 
symptoms progressed in severity and finally 
became constant. During this time he regained 
about 20 pounds. There was no loss of libido. In 
February, 1952, he was referred to our clinic 
from the Student Health Service of the Univer- 
sity of Pennsylvania. 

The patient was 5 feet 11 inches tall and 
weighed 214 pounds. He was well developed and 
slightly obese with symmetrical distribution of 
body fat. No stigmata of subcutaneous myxedema 
were present. He was somewhat dejected, list- 
less and yawned frequently. His breath had an 
acetone-like odor. The skin was slightly yellow- 
ish, dry and warm; the hair was dry and brittle 
but not sparse. His thyroid was not palpable. 
Pulse rate was 80 and rhythm regular; blood 
pressure was 122/80. The genitalia and secondary 
sexual characteristics were normal. Examination 
was otherwise negative. 

The following laboratory studies were normal 
or negative: routine blood counts and urinalyses: 
fasting and postprandial blood sugar levels: 
serologic test for syphilis; serum sodium, potas- 
sium, chloride, calcium, phosphorus and carbon 
dioxide content; liver function tests (bromsul- 
falein retention, cephalin cholesterol flocculation, 
thymol turbidity, total serum protein and A/G 
ratio); renal function tests (blood urea nitro- 
gen, twelve-hour concentration test and urea 
clearance); roentgen studies of the skull and 
chest; and electrocardiogram, electroencephalo- 
gram and visual fields. Fluid intake and urine 
volume were not excessive. 

Fasting eosinophil counts initially and during 
the periods of observation ranged from 44 to 


* From the Endocrine Section of the Medical Clinic and the William Pepper Laboratory of Clinical Medicine, Hos- 
pital of the University of Pennsylvania, Philadelphia, Pa. 
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1953 
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Fic. 1. Tests of thyroid function in relation to periods of special study, including responses to thyrotropin (T), 
growth hormone contaminated with thyrotropin (G) and L-thyroxin. 
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113 cells per cu. mm. In two tests the eosinophils 
responded to ACTH administration with respec- 
tive falls of 46 per cent and 70 per cent at the 
end of four hours. The Kepler-Power-Robinson 
water excretion test was normal. The results 
of other pertinent studies during the periods of 
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SPECIAL STUDIES AND CLINICAL COURSE 
Thyrotropin Administration (Study Period No. 2). 
In order to test the presence of thyrotropin defi- 
ciency various studies were made of the response 


of the patient’s thyroid function to exogenous 
thyrotropin. In late May, 1952, lyophilized beef 


TABLE | 
URINARY HORMONE EXCRETIONS IN VARIOUS STUDY PERIODS 


Study Period 2 5 6 
Before After After After No After Normal 
Therapy Thyrotropin }-Thyroxin Growth Hormone Therapy !<-Thyroxin 
Urinary Gonadotropin + > 48 and > 24 and > 8 and > 48 and > 24 and e-@ 
(mouse u. per 24 hrs.) < % < 48 24 < % < 48 
Urinary Neutral 25.5 
24.4 23.1 | 
17 Ketosteroids 26.6 29.5 29 5 26.2 7.5 - 26 
(me. per 24 hrs.) | ise ‘ | 30.9 | 
| 
7 7 
3.5 
Urinary Corticoids * | 3.7 
| 6.7 6 05 | 4.4 2.4 §.2 2.5 - 4.5 
(me. per 24 hrs.) | 4.2 
| 
Urinary Estrogen * > 62 and | > 27 and 
< 13 0 27 
(mouse u. per 24 hrs.) 7 133 44 


t Alcohol precipitation method; mouse uterine weight technic. 
t Extraction after acid hydrolysis. In the case of urinary estrogen, extraction after acid hydrolysis; vaginal smear 


technic. 


observation are shown in Figure 1 and Tables 1 
and 1. 

The initial measurements of basal metabolic 
rate (BMR), serum cholesterol, serum protein- 
bound iodine (PBI) and twenty-four-hour 
thyroid uptake of I'*' indicated thyroid de- 
ficiency. (Fig. 1.) This evidence was supported 
by the absence of detectable thyroid hormone 
and thyrotropin activities in the serum with the 
stasis-tadpole method of D’ Angelo and Gordon.’ 
These findings were compatible with the diag- 
nosis of hypothyroidism secondary to thyrotropin 
deficiency .* 

Adrenocortical function was normal as meas- 
ured by the pertinent tests listed previously and 
by those in Table 1. Tests for gonadrotropic 
activity and gonadal function were likewise 
normal. The significance of the abnormal insulin 
sensitivity and hypoglycemia unresponsiveness 
shown in Table 1 will be discussed. 
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thyrotropin was administered intramuscularly 
in dosage of 30 mg. daily for three days. As can 
be noted in Figure 1 the BMR became normal 
and serum cholesterol decreased. The serum 
PBI rose slightly to a level of 7.6 ug./100 cc. The 
most marked response was in the uptake by the 
thyroid of a tracer dose (25 microcuries) of I'*', 
which increased from 3 per cent in twenty-four 
hours to 57 per cent in twenty-four hours. The 
administration of thyrotropin was followed by 
nausea and temporary exaggeration of previous 
symptoms. About three days after the last 
injection these symptoms began to diminish. 
The patient then showed marked symptomatic 
improvement which lasted about ten days. 
Thereafter all symptoms quickly returned. 

A similar response in thyroid function also 
followed administration of a crystalline growth 
hormone preparation that was contaminated 
with considerable thyrotropin (v. seq.). On the 
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basis of these responses to thyrotropin it was 
concluded that the patient was suffering from 
hypothyroidism of pituitary origin. 

In response of the patient’s thyroid function 
to thyrotropin, a dissociation was noted be- 
tween changes in serum PBI and twenty-four- 
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daily (corresponding approximately to 19 gr. 
of desiccated thyroid). Incomplete symptomatic 
improvement followed this therapy. During this 
four-month period of therapy the BMR rose 
from minus 19 to minus 9 per cent. Fluctuation 
in the PBI levels occurred during this period, 


TABLE I 


TESTS OF GLUCOSE AND INSULIN 


RESPONSES IN 


VARIOUS STUDY PERIODS AS COMPARED WITH 


THE NORMAL 


| Study Period i 2 3 6 
| ) Before After After After After 
Normal 
Therapy Thyrot ropin 1-Thyroxin Growth Hormone! 1|-Thyroxin 
| 
| 
Fasting Blood Sugar 
(me. /100 cc.) 
After glucose, highest 
; Llood supar level as 
Oral Glucose Tolerance 30" 85 11% 
| | & 30-60 me./100 ce. 
(mg. /100 cc.) 65 
greater than fasting 
120° 6% At 
level. 
| 
i 
Insulin-Glucose Tolerance 
Maximum fall in blood | 
sugar after insulin. 2 + 34° 30-55% of fasting value 
(% of fasting value). 
| | 
Maximum rise in blood F 
sugar after glucose. 100% 134% | 125-175% of fasting value 
(% of fasting value). | 
L 
l i 


* Severe symptoms of hypoglycemia; blood not drawn. 


+ Average of two determinations. 


hour thyroid uptake of I'*'. Spontaneous 
fluctuation in the serum concentration of pro- 
tein-bound iodine is suggested by the difference 
in values noted prior to the administration of 
thyrotropin. (Fig. 1.) During the first week after 
administration of thyrotropin the PBI level rose 
to slightly above the upper limit of normal; in 
contrast, the I'*! uptake rose to a definitely 
hyperthyroid level. Three weeks following ad- 
ministration of thyrotropin, the PBI had fallen 
to a hypothyroid level, whereas the I'*! uptake 
remained in a hyperthyroid range. 


L-Thyroxin Therapy (Study Period No. 3). In 


June, 1952, sodium t-thyroxin therapy was 
started with an initial oral dose of 0.05 mg. per 
day. This dosage was gradually increased be- 
tween June and October, 1952, to 0.15 mg. 


(Fig. 1.) Low normal values for twenty-four- 
hour thyroid uptake of I'*' were found in July 
and early October, 1952: 15 per cent and 14 
per cent, respectively; both were higher than 
that found before treatment. 

A second assay for thyrotropin and thyroid 
hormone activity in the serum made in early 
October, 1952, showed a rise in both values. The 
possible significance of this rise will be discussed. 

Glucose and Insulin Tolerance Tests. Initial 
abnormalities were found in these tests. (Table 
u.) The standard oral glucose tolerance test 
showed a flat response. The intravenous glucose 
tolerance test, however, showed a brief rise in 
blood sugar at fifteen minutes to 50 mg. per 
cent above the fasting level and a rapid drop to 
normal thereafter; this was considered to be 
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within normal limits. This test was carried out 
for six hours without development of hypo- 
glycemia or unusual symptoms. 

An insulin tolerance test was performed, using 
the technic of Fraser, Albright and Smith.‘ 
With this test, thirty minutes after the intra- 
venous injection of 0.1 unit insulin per kilogram 
of body weight the blood sugar should normally 
fall to about 50 per cent of the fasting level; the 
fasting level should be reattained in 90 to 120 
minutes. Only one-half the usual dose of insulin 
was used in our patient as a precaution in case 
of panhypopituitarism. The patient showed 
abnormal insulin sensitivity with a drop in blood 
sugar to 27 mg. per 100 cc., or 34 per cent of the 
fasting value and with symptoms similar to those 
originally presented. However, in contrast to 
the insulin-glucose tolerance test there was no 
evidence of hypoglycemia unresponsiveness. 

The insulin-glucose tolerance test® is based on 
the observation that the rise of blood sugar fol- 
lowing an oral dose of glucose given thirty 
minutes after the intravenous injection of a 
standard dose of insulin is greater than that 
occurring after the oral administration of the 
same dose of glucose without insulin. Normally 
the blood sugar should fall to 45 per cent (range 
30 to 55 per cent) of the fasting level thirty 
minutes after the intravenous injection of 0.1 
unit insulin per kilogram of body weight. A fall 
greater than this indicates abnormal insulin 
sensitivity. Normally there should also occur a 
rise in blood sugar to 150 per cent (range 125 
to 175 per cent) of the initial fasting level, sixty 
minutes after the oral ingestion of 0.8 gm. of 
glucose per kilogram of body weight, following 
the intravenous administration of insulin. Fail- 
ure to attain this level is defined as hypoglycemia 
unresponsiveness. (Table 11.) In this test repeated 
in various study periods, our patient showed 
slight insulin sensitivity and hypoglycemia 
unresponsiveness. 

Administration of Growth Hormone Contaminated 
with Thyrotropin (Study Pertod No. 4). Additional 
studies were carried out during and after the 
administration of a growth hormone preparation 
in an effort to determine whether an intrinsic 
deficiency of adenohypophyseal growth hormone 
or of a related insulin antagonizing factor might 
be responsible for ‘the patient’s abnormal 
responses to insulin. In October, 1952, he 
received intramuscularly a preparation of 
lyophilized bovine growth hormone, 200 mg. 
daily for four days. The dose represented 2 mg. 
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of growth hormone per kg. per day. This prep- 
aration was contaminated with a high thyro- 
tropin content, so that approximately 90 mg. 
of thyrotropin was received daily. Thus the 
total amount of thyrotropin given in study 
period No. 4 was about four times that given 
previously in study period No. 2. L-thyroxin 
was continued in dosage of 0.2 mg. daily during 
the administration of growth hormone. 

Responses of the patient’s thyroid function are 
shown in Figure 1 and some of the other 
responses are shown in Tables 1 and n. Re- 
sponses may be summarized as follows: (1) On 
the third day of growth hormone administration 
fever up to 101°F. appeared and persisted for 
twenty-four hours. With the onset of fever the 
following also appeared: malaise, nausea, sweet 
odor on the breath and strong ammonia or 
asparagus-like odor of the urine. These lasted 
for several days. Soon after this reaction subsided 
symptomatic improvement for several days was 
noted. (2) Significant glycosuria occurred on 
each day of administration of the growth hor- 
mone preparation despite the absence on these 
days of fasting or postprandial hyperglycemia or 
of change during this period in degrees of insulin 
sensitivity and hypoglycemia unresponsiveness. 
The glycosuria ranged between 2.6 gm. and 
4.7 gm. in twenty-four hours. (3) A 5 pound 
weight loss occurred. (4) No significant changes 
occurred in the following values: blood urea 
nitrogen, twenty-four-hour urine volume, uri- 
nary excretion of creatinine, urinary excretion 
of gonadotropins, neutral 17-ketosteroids, cor- 
ticoids or estrogens. There was no acetonuria. 
(5) The following responses as well as the 
symptomatic improvement noted were probably 
due to action of the thyrotropin content of the 
preparation: a slight rise in BMR and serum 
PBI, a marked rise in thyroid uptake of I'*! and 
a significant decrease in serum cholesterol. 
These responses confirmed the previous evi- 
dence of primary thyrotropin deficiency and 
again demonstrated the dissociation of responses 
to exogenous thyrotropin between the serum 
PBI and the thyroid uptake of I'*". 

Twenty-Four-Hour Fast. In late October, 
1952, several days after the last dose of growth 
hormone, the patient was fasted for twenty-four 
hours, meanwhile continuing to take L-thyroxin 
in doses of 0.2 mg. daily. At the end of this fast 
there was no development of hypoglycemia or of 
any symptoms suggestive of panhypopituitarism 
or adrenocortical deficiency. 


= 


876 


Additional Observations. From mid-October to 
late November, 1952, the patient continued to 
take L-thyroxin in dosage of 0.2 mg. daily. In 
November he complained of late afternoon 
fatigue; this was not relieved by food. When he 
was extremely tired he would occasionally notice 
a transient sweet odor on his breath. Apart from 
these none of the other original symptoms was 
present. On November 27th, the daily dose of 
L-thyroxin was increased to 0.3 mg. 

Discontinuation of L- Thyroxin (Study Period No. 5). 
On November 30, 1952, L-thyroxin was dis- 
continued. About ten days later drowsiness, 
frontal headaches, sensation of air-hunger and 
sweet, acetone-like odor on the breath reap- 
peared. At this time a test for plasma acetone 
was weakly positive, without glycosuria or 
ketonuria. Concomitantly, serum COs, blood 
urea nitrogen, fasting blood sugar and concen- 
trations of serum and urinary organic acids 
showed normal values. 

During this period the response of blood 
glucose to epinephrine was determined following 
an overnight fast, using the technic of Cantarow 
and Trumper.® There was a marked rise in 
blood sugar following epinephrine, representing 
a normal response. There was some decline in 
BMR and a rise in serum cholesterol in Decem- 
ber, 1952, about two weeks after the withdrawal 
of L-thyroxin. The serum PBI was high normal 
at this time, probably as a result of previous 
L-thyroxin therapy. 

Resumption of L-Thyroxin and Subsequent Course 
(Study Period No.6). On December 14, 1952, L- 
thyroxin therapy was resumed in dosage of 0.35 
mg. daily. Following this the symptoms that 
had recurred after the withdrawal of L-thyroxin 
disappeared or diminished; however, undue 
fatigability persisted. Therefore, beginning on 
February 17, 1953, the daily dose of L-thyroxin 
was increased gradually until a maximum of 
0.7 mg. (corresponding approximately to 7 gr. 
of desiccated thyroid) was attained in July, 1953. 
At the same time caloric intake was somewhat 
restricted. 

In April and May, 1953, when the daily dose 
of L-thyroxin was 0.6 mg., the BMR and serum 
cholesterol were normal whereas serum PBI was 
above normal. In May, 1953, serum assay 
revealed no thyrotropin activity, similar to the 
assay before treatment but in contrast to the high 
activity noted in October, 1952, when the dosage 
of L-thyroxin was only 0.15 mg. daily. 

An oral glucose tolerance test done at this 
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time showed a normal peak at thirty minutes, in 
contrast to the originally flat curve. (Table um.) 
An insulin-glucose tolerance test at this time 
showed no significant change in the previously 
noted slight abnormalities of insulin sensitivity 
and hypoglycemia unresponsiveness. (Table 11.) 
There was no further change in the urinary 
excretion of 17-ketosteroids or corticoids. 

With the increase in dosage of 1L-thyroxin 
there was a parallel clinical improvement so 
that by July, 1953, the patient felt well, although 
he still required nine to ten hours of sleep nightly. 
With the larger doses of 1-thvroxin the sweet 
odor did not reappear on the breath and no 
acetone was detectable in the plasma. Between 
February and July, 1953, he lost approximately 
18 pounds: his weight in July, 1953, was 204 
pounds. 


COMMENTS 


Cases of incomplete failure of adenohy pophys- 
eal function involving various groups of hor- 
mones are well recognized.’"* However, there 
have been only a few reports of solitary (‘mono- 
tropic’) deficiency of adenohypophyseal hor- 
mones. Examples which can be cited include 
interstitial cell stimulating hormone deficiency 
in cases of eunuchoidism with fertility,’ and possi- 
ble isolated deficiency of adrenocorticotropin. ! 

In the previous description by Shuman! of 
solitary thyrotropin deficiency with secondary 
hypothyroidism the patient was a_ severely 
diabetic, psychotic sixty-four vear old Negress 
with hypertension and retinopathy in whom the 
adrenocortical responses and follicle-stimulating 
hormone excretion were normal. The adminis- 
tration of thyrotropin demonstrated the presence 
of a_ physiologically intact and_ responsive 
thyroid gland. The diagnosis of myxedema in 
this patient was first made on clinical grounds. 
Desiccated thyroid therapy was instituted and 
the dose was gradually increased to 4 gr. daily. 
The clinical response was reported in_ these 
terms: there was no change noted in the mental 
state of the patient, and during the period of 
increasing thyroid dosage there was gradual 
decrease of the insulin requirement from ap- 
proximately 120 to 40 units daily. Improvement 
in the hypothyroid symptoms was not mentioned. 

Our patient showed clear evidence of hypo- 
thyroidism, the secondary character of which 
was indicated by the initial absence of detectable 
thyrotropin in the serum by the stasis-tadpole 
test? and by the response to exogenous thyrotro- 
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pin.'®:!! The absence of classical myxedema and 
the relatively slight degree of hypercholestero- 
lemia are compatible with pituitary hypothyroid- 
ism. There was no evidence of adrenocortical 
or gonadal deficiency, indicating the solitary 
nature of the thyrotropin deficiency. The rather 
consistent maintenance of neutral 17-ketosteroid 
excretion at top normal levels or above, the 
intermittent elevation of corticoid excretion 
and the low eosinophil counts are compatible 
either with responsiveness to continuing stress 
or with compensatory overproduction of adreno- 
corticotropin following depression of thyrotropin. 

It is of interest that the symptoms later identi- 
fied as those of hypothyroidism first appeared 
after a prolonged febrile illness, diagnosed as 
possible infectious mononucleosis. This suggests 
that an infectious agent may have damaged the 
adenohypophyseal source of thyrotropin. Cur- 
rent evidence'*:'* indicates that the basophil cells 
produce thyrotropin and that a specific spatial 
group of such cells may be the producers of this 
hormone.'*:'® Selective damage to these cells, 
with sparing of other basophil groups responsible 
for the production of gonadotropic hormones 
and perhaps adrenocorticotropin, could explain 
the presence of an isolated thyrotropin deficiency 
in our patient. 

The appearance of thyrotropin in the serum 
in October, 1952, after four months’ treatment 
with small doses of L-thyroxin is in contrast to 
the initial absence of thyrotropin from the serum. 
This might be explained by the following possi- 
bilities: (1) stimulation of secretory activity at 
the adenohypophyseal source of thyrotropin by 
thyroxin in small dosage; (2) spontaneous 
fluctuations in thyrotropin secretion independent 
of thyroxin effect; or (3) variations in peripheral 
utilization or excretion of thyrotropin. The first 
possibility appears most likely. There is evidence 
that the production or release of thyrotropin 
is dependent upon the availability of minimal 
amounts of thyroxin.'® Also, D’Angelo has en- 
countered responses similar to those in our pa- 
tient in some cases of panhypopituitarism.'? The 
later disappearance of thyrotropin from the 
serum in May, 1953, is compatible with the 
inhibitory effect of large doses of L-thyroxin 
(0.6 mg. daily) upon the output of thyrotropin 
which might have previously been stimulated 
by the smaller doses of L-thyroxin. The second 
possibility appears unlikely in view of the his- 
tory. The rise in I'*! uptake by the thyroid from 
3 to 14 per cent at twenty-four hours following 
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L-thyroxin therapy, concomitant with the 
appearance of serum thyrotropin, argues against 
the third possibility and also against the pres- 
ence of primary hypothyroidism. Assuming that 
the adenohypophyseal cells responsible for the 
secretion of thyrotropin were stimulated in this 
case by small oral doses of L-thyroxin, one would 
conclude that the primary damage to, or insuffi- 
ciency of, these cells was incomplete. 

The variations in the serum levels of protein- 
bound iodine prior to treatment may have 
reflected spontaneous fluctuations tissue 
utilization or excretion, or in the rate of hor- 
mone release from a hypoactive thyroid. The 
disparity between the effects of both thyrotropin 
alone and the growth hormone preparation 
contaminated with thyrotropin upon the iodine- 
accumulating capacity of the thyroid and upon 
serum protein-bound iodine level is of interest. 
It suggests (1) a difference in the responsiveness 
of various functions of the thyroid cell to a single 
tropic stimulus, or (2) a superiority of the I'*! 
tracer test as a measure of thyroid response to 
thyrotropin in the differential diagnosis of 
primary and secondary thyroid deficiencies. 

The decrease in intestinal absorption of sugars 
which occurs in hypothyroidism is perhaps re- 
flected in our patient by the differences between 
the initial oral and intravenous glucose tolerance 
curves; the change in oral glucose tolerance to 
normal after treatment with L-thyroxin (Table 
11) further favors this thesis. 

The possible causes of the slight insulin sensi- 
tivity and hypoglycemia unresponsiveness in our 
patient may now be considered. There was no 
evidence in support of adrenocortical deficiency 
or adrenocorticotropic deficiency. Liver function 
was normal by the standard tests and the blood 
sugar response to epinephrine indicated normal 
hepatic glycogen storage and release. The growth 
hormone preparation produced glycosuria with- 
out hyperglycemia (previously reported by 
others'*); it caused no significant decrease in the 
insulin sensitivity or in the hypoglycemia un- 
responsveness. The insulin-glucose tolerance 
test was performed on the day following the last 
of four growth hormone injections. On the basis 
of animal experiments’® this was considered the 
optimal technic for demonstration of growth 
hormone effect on insulin-glucose responses. The 
potential corrective action of the growth hor- 
mone on these abnormalities of insulin-glucose 
responses should not have been inhibited by the 
thyrotropin contamination of the preparation 
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used. (Study Period No. 2, Table 1.) Hence, al- 
though the possibility was not excluded, intrinsic 
deficiency of growth hormone or related insulin 
antagonizing factor could not be demonstrated 
to be the cause of the patient’s insulin sensitivity 
and hypoglycemia unresponsiveness. The pa- 
tient’s ability to tolerate a twenty-four-hour fast 
without development of hypoglycemia further 
argues against growth hormone deficiency. 
Hypothyroidism does not cause insulin sensi- 
tivity or hypoglycemia unresponsiveness except 
as a reflection of secondary adrenocortical 
depression.*® In our patient adrenocortical func- 
tion was normal and eleven months’ treatment 
with L-thyroxin in ascending doses up to 0.6 mg. 
daily failed, as did also exogenous thyrotropin, to 
alter significantly the insulin sensitivity or 
hypoglycemia unresponsiveness. By exclusion, 
therefore, mild functional hyperinsulinism re- 
mains as the most likely cause of the slight but 
definite abnormalities in insulin sensitivity and 
hypoglycemia responsiveness. The symptoms 
(faintness, sweating and nervousness after fasting, 
relieved by food) originally suggestive of hypo- 
glycemia were entirely relieved by large doses of 
L-thyroxin. 

The cause of the acetone-like odor on the 
breath was not determined. This phenomenon 
disappeared when L-thyroxin was administered 
in large doses. 


SUMMARY 


An unusual case of hypothyroidism in a 
twenty-seven year old white male is reported. 
The existence of solitary or ‘monotropic’ 
thyrotropin deficiency was suggested by the 
responses to exogenous thyrotropin and other 
studies, and by the evidence indicating integrity 
of other adenohypophyseal hormones. 

Slight insulin sensitivity and hypoglycemia 
unresponsiveness were present. Study of these 
abnormalities included the testing of responses to 
administration of a growth hormone prepara- 
tion. We could attribute these abnormalities 
neither to anterior pituitary nor adrenocortical 
deficiency. 

The patient’s symptoms responded both to 
intramuscular thyrotropin and oral sodium 
L-thyroxin.* The implications of this case are 
discussed with special reference to the cytologic 


* Thyrotropin and growth hormone preparations 
were kindly supplied by Armour and Company, Chi- 
cago, Illinois and sodium t-thyroxin as elthrin® by 
Smith, Kline & French Laboratories, Philadelphia, 
Pennsylvania. 
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source of thyrotropin and the influence of L-thy- 
roxin therapy on serum thyrotropin activity. 
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Orthostatic Hypotension and Orthostatic 
Tachycardia’ 


EUGENE J. SCHERBA, M.D. 
Denver, Colorado 


RTHOSTATIC hypotension is an interest- 
() ing condition in which the reflex 

mechanisms normally operating to 
maintain blood pressure against the effect of 
gravity are absent or greatly diminished. A pro- 
found fall in blood pressure occurs in the stand- 
ing position, the systolic pressure may fall to 
40 mm. Hg and the diastolic to 0. The critical 
level of blood pressure below which reported 
patients with orthostatic hypotension developed 
symptoms was a systolic of approximately 
50 mm. Hg. Normal persons are frequently 
symptomatic with a drop in systolic pressure 
from 110 to 90 mm. Hg, and more severe 
symptoms may develop if the systolic pressure 
falls to lower levels. 

In 1925 Bradbury and Eggleston' reported 
three cases in which syncopal attacks occurred 
after standing erect for some minutes or during 
physical exertion. In addition to orthostatic 
hypotension other features presented by these pa- 
tients were a slow unchanging pulse, inability to 
perspire, nocturia, lowered basal metabolism 
and indefinite changes in the nervous system. 
These authors concluded that the symptoms 
were due to paralysis of the sympathetic vaso- 
constrictor endings. 

In 1952 Rosecan et al.? collected thirty-seven 
cases of orthostatic hypotension from the litera- 
ture. In their study they included only those 
patients with postural hypotension, anhidrosis 
and impotence (the latter first described by 
East and Brigden*). They differentiated two 
types of orthostatic hypotension: (1) Those 
cases in which the hypotension was present as a 
manifestation of a definite disease entity, namely, 
tabes dorsalis, diabetes mellitus, Addison’s 
disease, hypopituitarism, syringomyelia and 
hematomyelia, multiple sclerosis, subacute com- 
bined degeneration and postsympathectomy. 
(2) Those cases due to unknown or ill defined 
disease of the central nervous system. 


The following case report represents an ex- 
ample of the second type. This patient demon- 
strates most of the characteristic findings of the 
idiopathic variety and in addition has orthostatic 
tachycardia. 


CASE REPORT 


A forty year old white, married, male railroad 
worker entered the Denver V. A. Hospital for 
the second time on December 22, 1953. His 
chief complaint was of recurrent blackout spells 
of ten years’ duration. The spells occurred with 
varying frequency and had become worse in the 
preceding three years. The episodes were more 
frequent and more severe during the summer 
months. The attacks were characterized by 
blurring of vision, spots before the eyes, dizziness, 
weakness and a sensation of wind blowing in his 
ears. They were precipitated by changes in posi- 
tion and physical exertion such as climbing stairs. 
Arising from bed in the morning invariably re- 
sulted in an attack relieved only by lying down. 
These episodes would last a few minutes and 
disappear spontaneously or would persist until 
the patient assumed a supine position. They were 
sometimes accompanied by intense occipital 
headache and nausea with repeated vomiting. 
These spells had never been associated with an 
aura, involuntary movements, loss of conscious- 
ness or incontinence. 

In the preceding year and a half the patient 
had noticed loss of libido with difficulty in main- 
taining an erection and failure to achieve 
ejaculation, despite the occurrence of orgasm. 
During the preceding ten years there had been 
absence of sweating. Nocturia two to three times 
has been present for several years. 

His admission to the hospital was recom- 
mended by his family physician for low blood 
pressure and possible Addison’s disease. The 
discharge diagnosis on his first admission in 
August, 1953, was conversion reaction mani- 


* From the Medical Service, Denver Veterans Administration Hospital, Denver, Colo. 
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fested by emotional instability and transient 
blindness. 

Past history revealed that the patient had 
been married seventeen years and had a four- 
teen year old daughter in good health. His 
mother died of cancer at the age of forty-five. 
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limits, no murmurs were heard. The abdomen 
was scaphoid in appearance; liver, kidney, 
spleen were not palpable and no abnormal 
masses or tenderness were present. The genitalia 
were normal. Rectal examination was negative. 
Traumatic amputation of the right little finger 
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Fic. 1. The effect of change in position on blood pressure and heart rate in a pa- 
tient with orthostatic hypotension and tachycardia. 


The patient had uncomplicated measles and 
mumps in childhood. At the age of twenty- 
four he had fallen from a bicycle and was told 
by his family that his talk did not make sense for 
two weeks; he was not seen by a doctor at this 
time and did not remember any of the details of 
this injury. In 1943 he was hospitalized in the 
army for an episode of dizziness, headache and 
vomiting. X-rays of the gastrointestinal tract 
showed no abnormality. 

The patient was a well developed, well 
nourished, white man who appeared younger 
than his stated age of forty. The blood pressure 
was 90/60 in both arms with patient sitting, 
pulse 96 and regular, temperature 98.6°F., 
weight 150 pounds. The pupils were equal and 
symmetric and reacted to light and accomoda- 
tion. External ocular movements were normal. 
Funduscopic examination was negative. The 
nose, ears, mouth, throat and teeth showed no 
abnormalities. The lungs were clear to ausculta- 
tion and percussion. Examination of the heart 
showed A2 greater than P2, sinus rhythm was 
present, the left heart border was within normal 
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was noted. No abnormalities were detected in 
the neurologic examination. 

Hemogram showed hemoglobin 14.5 gm., 
hematocrit 40 per cent, white blood count 6,500 
with a normal differential. Serologic tests were 
negative. The urine was normal. The fasting 
blood sugar was 72 mg. per cent, urea nitrogen 
16 mg. per cent, sodium 148 mEq., potassium 
4.9 mEq., chloride 105 mEq., carbon dioxide 
24 mEq. Spinal fluid examination showed an 
initial pressure of 90 mm. H2O, two cells, 19 mg. 
per cent protein, serological tests negative. 
Urinary 17-ketosteroids, 12.8 mg./twenty-four 
hours. Chest x-ray and skull films were negative. 
Electrocardiogram and electroencephalogram 
were normal. 


HEMODYNAMIC STUDIES 


Figure 1 shows the changes in blood pressure 
and pulse resulting from changes in position. 
The pressure fall to 50/40 upon assuming the 
erect position resulted in subjective complaints 
of tightness in the head, dimness of vision, weak- 
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ness and dizziness. These symptoms disappeared 
with restoration of blood pressure and pulse 
after the patient resumed the horizontal position. 
Transient symptoms resulted when the pressure 
dropped to 62/42 after the patient rose from 
sitting. The critical level of blood pressure at 
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minutes with the patient supine. In the erect 
position the pressure dropped to 76/58 in one 
minute and in ten minutes was 110/66. Symp- 
toms did not appear since the critical level of 
blood pressure was not reached. Discontinuance 
of L-nor-epinephrine with the patient erect 
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Fic. 2. A, the effect of L-norepinephrine on orthostatic hypotension and tachy- 
cardia. B, head of bed elevated 1.5 feet for nine hours; effect of change in position 


on blood pressure and pulse. 


which symptoms developed in this patient was 
50 to 60 mm. Hg systolic. 

Application of elastic bandages to the legs and 
bleod pressure cuffs to the thighs inflated to 
90 mm. Hg failed to prevent the precipitous 
fall in blood pressure and the tachycardia. A 
snug abdominal binder and the administration 
of 25 mg. of ephedrine likewise had no effect, 
although the latter raised the systolic pressure 
15 mm. Hg with the patient supine. When the 
blood pressure cuffs about the thighs were in- 
flated to 250 mm. Hg a slight rise in pressure 
resulted with the patient supine. In the erect 
position the pressure dropped to 78/50. Symp- 
toms did not develop since critical levels were 
not exceeded. Removal of the cuffs with the 
patient erect resulted in further fall in blood 
pressure, tachycardia and symptoms. 

Figure 2 shows the effect of 8 mg. of L-nor- 
epinephrine (levophed®) in 1,000 cc. of 5 per 
cent dextrose in water, given intravenously at 
a constant rate of 7 wg. per minute. This in- 
creased the blood pressure to 154/90 in seven 


resulted in progressive blood pressure fall, 
tachycardia and symptoms. Normal pressure 
and pulse returned within one minute after the 
supine position was assumed. 

Also illustrated in Figure 2 is the effect of 
the head-up bed on blood pressure and pulse. 
Nine hours after sleeping in the head-up bed 
the patient’s blood pressure was 98/70, signifi- 
cantly lower than his normal supine pressure. 
Within one minute after arising his pressure was 
54/40 and heart rate 148. Transient symptoms 
developed. After ten minutes in the erect posi- 
tion his pressure rose to 70/50, the tachycardia 
decreased and no symptoms were present 

The complaint of nocturia occurring in this 
patient was evaluated by comparing the urinary 
volume and excretion of sodium, chloride and 
potassium with the patient erect and supine. 
Figure 3 shows significant decrease in urinary 
volume and urinary sodium, chloride and 
potassium excretion with the patient erect. 

Renal clearance studies were carried out in 
this patient employing a standard continuous 
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Fic. 3. Comparison of the urine volume, Na, Cl and K excretion in the supine 


and erect positions. 


infusion technic. With the patient on a tilt 
table the glomerular filtration rate (as deter- 
mined by inulin clearance) and renal plasma 
flow (as determined by PAH clearance) were 
measured in the horizontal and erect position. 
Control studies were made with the patient 
horizontal for three consecutive fifteen-minute 
periods. He was then tilted to the erect position 
over a period of six minutes. Studies were again 
carried out over four consecutive fifteen-minute 
periods with the patient tilted back to the hori- 
zontal position. Simultaneous with the above 
the rate of urinary excretion of sodium, chloride 
and potassium was determined. 

Table 1 summarizes the renal clearance data. 
Accompanying orthostatic hypotension in this 
patient were decreased renal plasma flow and 
glomerular filtration rate. Shortly after replac- 
ing the patient to the horizontal position normal 
values were re-established. Similar decreases in 
sodium, chloride and potassium excretion oc- 
curred. However, with return to the supine posi- 
tion the excretory rates of sodium and chloride 
remained well below control values while potas- 
sium excretion exceeded control values. 


COMMENTS 


Ellis and Haynes‘ first demonstrated that 
patients with orthostatic hypotension did not 
pool more blood in the lower part of the body 
than do normal subjects under similar circum- 
stances. What occurs is that pooling of a normal 
amount of blood results in an abnormal blood 
pressure fall. Stead and Ebert® confirmed this 
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and concluded that the reflex vasoconstriction 
which maintains the arterial pressure in rormal 
subjects is absent in patients with orthostatic 
hypotension. This loss of reflex vasoconstriction 
in response to fall in arterial pressure is the funda- 
mental disturbance in postural hypotension. 

MacLean et al.*:? hold that orthostatic hypo- 
tension and orthostatic tachycardia are dis- 
orders of venous return. They propose that the 
circulatory defect caused by inadequate venous 
return in the erect position is either a direct 
result of pooling of abnormal quantities of blood 
in the lower extremities or a result of very rapid 
transudation of circulating fluid into the tissues 
of the lower extremities. The rapidity of onset of 
the deficiency when the upright position is 
assumed and the instantaneous recovery in the 
recumbent state suggested to these authors that 
the defect is the result of pooling of blood in the 
capillary venous bed. 

Hickam and Pryor*® correlated cardiac output 
with blood pressure fall in twelve patients with 
orthostatic hypotension. They concluded that 
postural hypotension resulted primarily from 
inadequate arteriolar constriction with the 
patient erect. The degree of hypotension was 
often intensified by a large fall in cardiac output 
although this did not occur consistently. The 
decreased cardiac output was ascribed to dimin- 
ished return of venous blood to the heart as the 
result of abnormal dilation of the venous system 
with the patient erect. 

In two cases of orthostatic hypotension 
recently studied by Luft and von Euler® a 
marked decrease in the spontaneous urinary 
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excretion of nor-epinephrine and epinephrine 
was found to occur. : 

Orthostatic hypotension is classified by Stead 
and Ebert® as a disease of the sympathetic 
nervous system. Their observations indicate 
that the loss of vasoconstriction in response to 
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patients. After returning the patients to a 
recumbent position they observed that sodium 
excretion was not restored immediately in spite 
of prompt restoration of the filtered sodium load. 
This decreased sodium excretion in patients with 
orthostatic hypotension, when in the erect posi- 


TABLE I 
SUMMARY OF RENAL CLEARANCE DATA 
| 
| "Clearance 1.73 sq. m. | Electrolyte Excretion 
‘Time Blood | Filtration 
etn) | Position _ Pressure 7 | _ Fraction Na | Cl K 
: . Hg) 
'(cc./min.) | | | | | | 
Pt UVt Pt Uvt P*  Uvt 
“Supine: | | | 
0-15 Control 120/75 99.2 509.0 19.5 140 217 104 200 4.15 89 
15-30 Control 120/80 103.2 515.1 20.0 139 249 104 224 4.15 95 
30-45 Control 130/80 108 .2 562.3 19.2 139 | 278 | 103 | 242 | 4.03 | 97 
| Tilt degree: | | | | | | 
| 0 126/76 
22 100/70 
30 88 /64 | 
45-51 40 60/50 61.7 336.5 18.3 168 150 57 
45 75/50 | 
60 50/40 
90) 0/0 
Supine: | | 
51-66 Control 120/74 92.4 476.7 19.4 137 96 104 100 4.03 108 
66-81 Control 114/74 97.7 507.1 19.3 141. «119 105-133. 3.80 129 
81-96 Control 110/70 94.9 528 17.9 140 151 105 138 3.88 | 98.7 
96-111 Control 124/72 100.6 534.9 18.8 143 | 171 61.0 
| 


j j 


105° 


* uEq./cc. (emearrected for Donnan). 
T wEq./min./1.73 sq. m. 


blood pressure fall is produced by lesions in 
sympathetic centers or their efferent fibers in the 
central nervous system rather than in peripheral 
portions of the reflex arc. Depending on the 
extent and localization of the lesions the patient 
may display only loss of reflex vasoconstriction 
or, in addition, other manifestations of impaired 
sympathetic function such as anhidrosis, impo- 
tence and absence of increased heart rate in 
response to lowered blood pressure. 

In 1942 Corcoran et al.'® first described de- 
creased glomerular filtration and renal plasma 
flow in patients with orthostatic hypotension. 
Bachman and Youmans!! observed large de- 
creases in the rate of sodium and chloride excre- 
tion and glomerular filtration (as determined 
by endogenous creatinine clearance) in these 


tion, is considered to be due in part to a decrease 
in sodium filtered at the glomerulus and in part 
to changes in tubular reabsorption that are inde- 
pendent of the filtered sodium load. Changes in 
the excretion of chloride parallel those of sodium. 
The renal clearance data obtained in this 
patient with orthostatic hypotension confirm 
those of Bachman and Youmans."! The relation 
of the filtered sodium and chloride load to the 
rate of urinary excretion of sodium and chloride 
is shown in Figure 4. The prompt restoration 
of the filtered sodium and chloride load occur- 
ring after the patient was replaced to a hori- 
zontal position was not accompanied by restora- 
tion of the sodium and chloride excretory rates. 
This discrepancy suggests that increased tubular 
reabsorption of these ions took place. 
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Orthostatic Hypotension and Orthostatic Tachycardia—Scherba 


TREATMENT 
The treatment of orthostatic hypotension 
may be divided into three phases: (1) That of the 
underlying disease of which orthostatic hypo- 
tension is merely a manifestation. (2) Mechani- 
cal measures such as abdominal binders and 
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2. Various measures including elastic band- 
ages to the legs, abdominal binder and adminis- 
tration of ephedrine were unsuccessful in 
preventing postural hypotension and tachy- 
cardia and the accompanying symptoms in this 
patient. The head-up bed, continuous intra- 
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Fic. 4. Comparison of filtered Na and Cl loads with Na and Cl excretion in ortho- 


static hypotension. 


elastic stockings which are designed to prevent 
pooling of blood in the lower part of the body. 
MacLean and Allen® introduced the head-up 
bed as a therapeutic measure, They contend 
that this position prevents the loss of that measure 
of postural adaptation which the patient himself 
has gained while in an erect position. (3). Various 
sympathomimetic agents such as ephedrine, 
paredrine® and epinephrine in oil have been 
used with limited success for orthostatic hypo- 
tension. Gregory'? and others have described 
the use of salt and desoxycorticosterone to 
increase the blood volume and hence the blood 
pressure in these patients. None of these meas- 
ures will effect cure but their judicious use, to- 
gether with a sufficient explanation of the basic 
disease to the patient, may go far in restoring 
him to normal activity. 


SUMMARY 


1. The case report of a patient with ortho- 
static hypotension and tachycardia, anhidrosis, 
impotence and nocturia is presented. 
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venous infusion of L-nor-epinephrine and blood 
pressure cuffs inflated to 250 mm. Hg to both 
thighs did not prevent orthostatic hypotension 
and tachycardia. However, a drop in pressure 
below critical levels did not occur, hence symp- 
toms did not result. 

Renal clearance studies employing a standard 
continuous infusion technic showed decreased 
glomerular filtration and renal plasma flow, with 
decreased excretion of sodium, chloride and po- 
tassium accompanying orthostatic hypotension. 

3. Orthostatic hypotension is a disease of the 
sympathetic nervous system, probably of the 
sympathetic centers in the hypothalamus or 
efferent tracts in the central nervous system, or 
both. 

4. Treatment is discussed. It includes such 
measures as abdominal binders, elastic stock- 
ings, the head-up bed and administration of 
sympathomimetic drugs and desoxycorticoster- 
one and salt. 
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and because it is apparently the first to be 

reported in which a patient with this 
unusual liver lesion was adequately studied 
clinically. In most similar cases in the literature 
the liver is described as cirrhotic or otherwise 
scarred.'~'*® The latter changes make it problem- 
atic whether one is dealing with true adenomas, 
with focal areas of cirrhosis or with the more 
common regenerating nodules so often associated 
with portal and other diffuse cirrhoses.*:**.'® The 
absence of fibrosis or scarring in the present case 
is stressed. 


T= case is presented because of its rarity 


CASE REPORT 


P. M., a twenty-seven year old Negro male, 
developed scrotal and ankle edema while in the 
military service early in 1951. Hospitalization 
revealed hypoproteinemia, anasarca, marked 
proteinuria with a normal blood pressure, and 
slight elevation of serum globulin and cholesterol 
levels. He was thought to have glomerulo- 
nephritis (nephrotic syndrome) which progressed 
with gradually increasing oliguria until he died 
on March 4, 1953. His past history and family 
history were non-contributory. 

Following a paracentesis in May 1951, he 
developed what appeared to be acute peritonitis. 
From this time until death he had many attacks 
of severe, crampy, abdominal pain which finally 
became localized in the epigastrium late in 
1952. Occasional paracenteses produced a milky 
fluid. During the last three months of life he had 
several loose, blood-tinged stools daily. A few 
of these contained a moderate amount of fat and 
were somewhat bulky. Several times during 1952 
and just prior to death he had tonic seizures 
involving all extremities and lasting one to two 
minutes. 

Serum calcium and inorganic phosphorus 


levels ranged from 7.5 to 8.0 and 3.9 to 4.9 mg. 
per cent, respectively. Blood urea nitrogen rose 
gradually to 72 mg. per cent during the last few 
weeks of life. ‘Total serum cholesterol fell from 
320 mg. per cent early in the illness to 190 mg. 
per cent later on. Total serum proteins finally 
fell to as low as 3.5 gm. per cent, with 1.0 gm. 
per cent albumin. 

Repeated liver function studies during the 
last eighteen months of life revealed 3 and 4 plus 
cephalin flocculation tests, serum alkaline 
phosphatase 40-48 Shinowara units (normal 
2.2-8.6 units) thymol turbidity 10-12 units, 
and bromsulfalein retention 32 per cent in forty- 
five minutes. The serum bilirubin was always 
well within normal limits and the patient was 
never Clinically jaundiced. His prothrombin time 
was usually 24 to 28 seconds, controls 14 to 17 
seconds, and he was hypersensitive to dicumarol, 
his prothrombin time rising to seventy-two 
seconds following a single 200 mg. dose. 

The congo red dye retention, blood sickling 
preparations and blood VDRL were all nega- 
tive. Fasting blood sugar was within normal 
limits. Chest x-rays, gastrointestinal series, 
barium enemas and intravenous pyelograms 
were negative. The hemogram was unremark- 
able except for a mild hypochromic anemia and 
occasional leukocytosis associated with the 
abdominal pain. 

Autopsy was performed six hours postmortem. 
The body was emaciated, poorly developed, 
weighed an estimated 90 pounds and measured 
5 feet 4 inches in length. The liver was reduced 
in size (weight 750 gm.), deformed in shape and 
had a slightly thickened, pale gray capsule. 
There was a deep depression on the superior 
diaphragmatic surface partly separating the 
right and left lobes in the region of the falciform 
ligament. (Fig. 1.) The outer surfaces every- 


* From the Laboratory Service, Veterans Administration Hospital, Bronx, N. Y. 
t Present address: Dept. of Pathology, New York University, College of Medicine, New York, N. Y. 
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Fic. 1. Multiple adenomas throughout liver and mild 
fibrous capsular thickening. 


Fic. 2. Cut surface of formalin-fixed portion of liver 
illustrating various sized adenomas within many of 
which there are irregular, dark, blood-filled spaces. 
Note compression of blood vessels by large adenomas on 
right and uniform lobular pattern of non-nodular liver. 


where, as well as the cut surfaces, were studded 
with countless bulging, rubbery, red-brown 
tumor nodules which were slightly firmer than 
the intervening parenchyma. The tumor nodules, 
however, were not separated by fibrous bands 
such as are characteristic of cirrhotic livers. The 
adenomas ranged from 0.2 to 1.5 cm. in diameter 
and most of them were roughly spherical but 
occasional nodules appeared to consist of several 
smaller ones. (Fig. 2.) The liver cut without 
increased resistance. A few of the larger growths 
just beneath the liver capsule had umbilicated 
centers. Lobular patterns were not evident within 
the tumor masses. In places intrahepatic veins 
appeared to be compressed by adjacent nodules. 
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Fic. 3. A portion of large adenoma illustrating ir- 
regular, radiating adenoma cell cords, upper left, and 
atrophic surrounding liver cells, lower right; hema- 
toxylin and eosin stain, X 144. 


Nowhere in the liver was there any evidence of 
scarring. Although quite well demarcated from 
the intervening, somewhat compressed but 
normally lobulated, chocolate-brown _paren- 
chyma, none of the adenomas appeared en- 
capsulated. There was mild to moderate 
sclerosis of the portal vein and its major tribu- 
taries, particularly the splenic vein. 

The spleen was firmer, more fibrous than 
usual, and weighed 130 gm. There was almost 
complete replacement of the pancreas by dense, 
firm fibrous tissue, fat and flecks of fat necrosis. 
The pancreatic ducts were unremarkable. Each 
kidney weighed 100 gm. and their dark red 
surfaces were studded with numerous small 
clusters of pale yellow, granular excrescences. 
The usual cortical striations were replaced by 
pale yellow streaks and the cortices were re- 
duced in thickness, averaging 0.3 to 0.4 cm. in 
width. The pelves, calyces and ureters were 
unremarkable. The heart was small (weight 
165 gm.) and the myocardium dark brown. The 
lungs together weighed 330 gm. and also seemed 
reduced in size. 

Microscopically, the liver nodules were not as 
sharply demarcated from the surrounding 
parenchyma as they appeared to be on gross 
examination. (Fig. 3.) Nowhere in or about 
the growths or in the intervening parenchyma 
was there any suggestion of cirrhosis, scarring, 
inflammatory reaction or invasion of blood ves- 
sels. Most of the adenomas were composed 
chiefly of more or less radially arranged, closely 
packed, anastomosing strands of hepatic cord 
type cells. Occasional ones consisted partly of 
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Fic. 4. High power magnification of edge 
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of adenoma illustrating tubule forma- 


tion and difference in size between adenoma cells on upper left and atrophic 
cells, lower right; hematoxylin and eosin stain, X 475. 


irregular, blood-filled endothelium-lined spaces, 
and near the periphery of many of the nodules 
the sinusoids were markedly congested. In many 
adenomas some of the hepatic cord type cells 
formed single-layered tubular structures which 
occasionally contained a bile plug. (Fig. 4.) 
One or more normal or compressed portal areas 
were variously situated in occasional new 
growths. Most of the tumor cells, although nor- 
mal in size, were appreciably larger than those 
of the intervening parenchyma. The cytoplasm 
of the larger cells was usually more intensely 
eosinophilic and also contained much less baso- 
philic material (thought to represent nucleic 
acids'*) and glycogen than the smaller interven- 
ing cells. 

There was moderate thickening of the splenic 
sinus walls. The sinuses were widened and their 
lining cells were more prominent than usual. 
Sections of pancreas revealed widespread old 
and recent fat necrosis in addition to extensive 
scarring and replacement by fat. In the kidneys 
the basement membranes of the glomerular 
tufts were almost universally thickened and 
hyalinized. A few tufts were completely hyalinized 
and most were lobulated. Abundant fat was 
noted in the epithelium and lumina of the 
proximal and distal convoluted tubules. The 
blood vessels were everywhere unremarkable. 
Sections stained for the presence of amyloid 
were negative. 

The principal anatomic diagnoses were 
chronic glomerulonephritis, acute and chronic 
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pancreatitis with fat necrosis, brown atrophy 
of the liver and heart, chronic passive congestion 
of the spleen and hepatocellular adenomatosis. 


COMMENTS 


Both in their gross and histologic character- 
istics the adenomas resembled those described in 
the literature.'~'* However, a fairly extensive 
review of the subject failed to reveal a single 
case in which the tumors were so numerous, in 
such a small liver, and associated with abnormal 
liver function tests.’~'5-'7 The vast majority of 
the reported cases, it is true, antedated liver 
function tests. Ranstrém" recently reported a 
case of multiple liver cell type adenomas in an 
enlarged liver but, since there was a history of 
gold therapy, it may be that in his case the 
nodules represented hyperplasia. 

The complete absence of cirrhosis, scarring, 
inflammation or jaundice in the present case 
deserves emphasis. The patient was not known 
to have been exposed to any hepatotoxins. 

The small size of the liver despite the presence 
of the numerous tumors merits comment. In 
cases of primary malignant tumors of the liver 
the latter often is not enlarged and is sometimes 
reduced in size. It may be that the prolonged 
severe starvation and hypoproteinemia due to 
the pancreatic and renal diseases played an 
important role in the generalized visceral 
atrophy including the liver, spleen, pancreas, 
heart and skeletal muscle.'* Some degree of 
compression atrophy of the intervening paren- 
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chyma may have been caused by the multiple 
expanding growths. Although the spleen was 
not enlarged by ordinary standards, it was rela- 
tively increased in size as compared with the 
liver and heart, and histologically there was 
ample evidence of chronic passive congestion. 
In view of the changes in the spleen, the portal 
vein sclerosis and the clinical evidence of liver 
dysfunction, it is suggested that portal hyper- 
tension may have contributed to the ascites in 
this case. It may be that the portal hypertension 
was due to compression of intrahepatic veins by 
expanding adenomas acting like the regenerated 
nodules in portal cirrhosis as postulated by 
Kelty, Baggenstoss and Butt.'® 


SUMMARY 


A case of hepatocellular adenomatosis in a 
non-cirrhotic liver is presented. It is believed to 
be the first case of this type described in which 
liver function studies were made during life. 
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Erratum: The article entitled “Some Variations in the Clinical Picture of Congenital Defect of 
the Interventricular Septum”? by Dr. Noble O. Fowler, which appeared in the September 1954 issue 
of The American Journal of Medicine omitted to make mention of the fact that the work had been done at 
the Cardiac Laboratory of the Brooklyn Hospital, and the Department of Medicine of the State 
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Meat... 


and Its Contribution to kat Needs 


Fat, the most concentrated source of 
nutrient energy, constitutes a dietary 
essential in human nutrition.' It is 
needed in growth and replacement of 
tissues, for specific lipid secretions, 
and for providing physiologic ener- 
gy.'* Absorbed fatty acids may be 
incorporated into more complex lip- 
ids, deposited in adipose tissue, con- 
verted into other fatty acids, used in 
production of milk fat, transformed 
into glucose or glycogen, or oxidized 
to carbon dioxide and water with 
liberation of energy.* 

Evidence indicates that long con- 
tinued extremely low fat intake in 
adults is incompatible with good 
health.** In addition to protecting 
tissue protein against catabolism for 
energy needs (the protein-sparing 
action of fat), sufficient amounts of 
fat in the dietary promote storage of 
protein.*» In a normal mixed diet, fat 
is about 95 per cent as efficient as 
carbohydrate for production of mus- 
cular work.*¢ 


1. Goldsmith, G. A.: Application to Human 
Nutrition, in Bourne, G. H., and Kidder 
G. W.: Biochemistry and Ph of 
Nutrition, New York, A 
Inc., 1953, chap. 23, p. 505. 


2. Dietary 


Wash- 


lication 302, 1953, p. 23. 
3. —- H. C.: Fat in Nutrition, in Hand- 
k of Nutrition, A Symposium, ed. 2, 
Philadelphia, "The The Blakiston Company, 
»P 
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tional statements made in this advertisement 
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Neither the optimal level of fat in 
the diet nor the optimal range for 
apportionment of fat and carbohy- 
drate to meet calorie allowances is 
known.!2 

Contrary to general impressions, 
fat in the mixed diet is effectively 
digested.** In moderate amounts it 
does not appreciably influence the 
digestibility of other foods.5 Fat en- 
hances the satiety value of meals, and 
foods naturally containing fat and 
those prepared with fat add much to 
the flavor value of meals. High fat 
diets sometimes are useful in alleviat- 
ing constipation.® 

Meat, according to its kind and 
cut, provides variable amounts of fat 
which contribute importantly to the 
body’s need for fat. The fat of meat 
is almost completely digested. Meat 
also supplies valuable amounts of 
high biologic quality protein, B vita- 
muscle meat contains less than 0.1 
per cent of cholesterol.’ 


4. Sherman, H. C.: Chemistry of Food and 
Nutrition, ed. 3, New York, The Mac- 
millan Company, 1952, +) p. 30; (b) p. 
198; (c) p. 115; (d) p. 1 

5. McLester, J. S., and Darby, W. J.: Nutri- 

iet in ay and Disease 


ed. 
6, Philadelphia, W. Saunders Com- 
pany, 1952, pp. 130-136. 
6. Smith, F. H.: The Use of Fat Diets 
for tea J.A.M.A. 88:628 (Feb. 


R.: Cholesterol Content of F 
Am. Dietet. A. 21:341 (June) 1945. 


Meat Institute 


Main Office, Chicago... Members Throughout the United States 
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ANGINA PECTORIS 


e Reduces nitroglycerin needs 

« Reduces severity of attacks 

e Reduces incidence of attacks 

e Increases exercise tolerance 

e Reduces tachycardia 

Reduces anxiety, allays 
apprehension 

e Lowers blood pressure in 
hypertensives 

e Does not lower blood pressure 


in normotensives 


e Produces objective improve- 
ment demonstrable by EKG. 


Descriptive brochure on request. 


PEN 


Pentoxyion, the newest therapy in angina pec- 
toris and status anginosus, combines the tran- 
quilizing and bradycrotic effects of Rauwiloid® 
and the long-acting coronary vasodilating effect 
of pentaerythritol tetranitrate (PETN). 


The rationale of this new combination of 
drugs is based in part upon the well-known 
observation that the frequency and severity of 
anginal attacks are worsened by fear and appre- 
hension. The Rauwiloid effect in PENTOXYLON 
serves to slow the rapid pulse which accom- 
panies apprehension and pain. The slower heart 
rate, with its lengthened diastole, permits better 
coronary filling, more adequate ventricular fill- 
ing, and wider stroke volume. Thus the work 
demand on the myocardium is diminished while 
PETN exerts its prolonged coronary dilating 
effect. PENTOXYLON offers therapy in angina 
without xanthines, without stimulation of 
cardiac rate or work. 


Development of full effectiveness of PENTOXY- 
LON requires about 2 weeks of therapy, though 
benefits have been observed after 24 hours. 
Continuing therapy over a period of time with 
PENTOXYLON—in the usual dosage of | tablet 
q.i.d.—can be expected to reduce markedly or 
to abolish the nitroglycerin requirements. 


Each tablet contains pentaerythritol tetranitrate (PETN) 10 mg. and Rauwiloid® 1 mg. 


RIKER LABORATORIES, INC., LOS ANGELES 48, 


CALIFORNIA 
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weight 
control 
obstacles 


and 
the 
60-10-70 
basic 
diet 


Write For 
60-10-70 Diet 


Pads, Weight Charts 
And Professional 
Sample Of 


S. E. MASSENGILL CO. 
Bristol, Tennessee 


overcoming 
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Obedrin 


Patients can lose weight and maintain 
a restricted diet, in comfort, without 
undesirable side effects « e e 


Ge) EXCESSIVE DESIRE FOR FOOD 
Obedrin offers the full anorexigenic value of 
Methamphetamine to curb the desire for food, 
while counteracting mood depression. Patient co- 
Operation is made easier. 


NERVOUS TENSION 

To avoid excitation and insomnia, Pentobarbital 
is the ideal daytime sedative. It counteracts over- 
stimulation by Methamphetamine, but does not 
diminish the anorexigenic action. 


@ VITAMIN DEFICIENCIES 
Obedrin tablets contain adequate amounts of 
vitamins B, and B, to supplement the 60-10-70 
Basic Diet, but not enough to stimulate the ap- 


petite. 


<> EXCESSIVE TISSUE FLUIDS 
Large doses of Ascorbic Acid aid in the mobiliza- 
tion of fluids, so often an obstacle in obesity. 


“¥} BULK NOT NECESSARY 
The 60-10-70 Basic Diet provides enough rough- 
age, so artificial bulk is unnecessary. The hazards 
of impaction caused by “bulk” producers is ob- 
viated. 


Each tablet contains: 
Semoxydrine HC1....... 5 mg. 
(Methamphetamine HCl) 
Pentobarbital.............. 20 mg. 
Ascorbic Acid. 100 mg. 
Thiamine HCL1.............. 0.5 mg. 
Riboflavin........ 1 mg. 
Niacin. 5 mg. 


. 
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SPERSOIDS': 50 mg. per teaspoonful (3 Gm.) 
Dispersiple Powder 


~~ DROPS: flavor. 
pprox. 5 mg. per . 
Graduated dropper. 


OINTMENT (3% ) 


ORAL SUSPENSION: Cherry flavor. 
250 mg. per 5 cc. teaspoonful. 


TABLETS: 250 mg., 100 mg., 50 mg. CAPSULES: 250 mg., 100 mg., 50 mg. 
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ACHROMYCIN, the new broad-spectrum antibiotic, is now 
available in a wide range of forms for oral, topical and 
parenteral use in children and adults. New forms are being 
prepared as rapidly as research permits. 

ACHROMYCIN is definitely less irritating to the gastro- 
intestinal tract. It more rapidly diffuses into body tissues 
and fluids. It maintains effective potency for a full 24-hours 
in solution. 

ACHROMYCIN has proved effective against a wide variety of 
infections including those caused by Gram-positive and 
Gram-negative bacteria, rickettsia, and protozoan organisms. 


BAR SOLUTION (0.5% ) 


LEDERLE LABORATORIES DIVISION Cyanamid company Peart River, N.Y. Lederte 


| 
Sis 
-s 
| SOLUBLE TABLETS: 50 mg. 
INTRAVENOUS: 500 mg., 250 mg., 100 mg. INTRAMUSCULAR: 100 mg. 
| | 
| 
Tetracycline Lederle 
R 
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,.council-accepted 


oral anticoagulant 


(not a coumarin derivative) 


with a wide range of safety 


EDULIN 


Brand of Phen Dphenvl 13 indandio 


ea Permits dependable prothrombin control 
pay with little risk of dangerous fluctuations 


e HEDULIN is not cumulative in effect— provides 
greater uniformity of action and ease of maintenance 


e HEDULIN is rapidly excreted—therapeutic effect 
dissipated within 24-48 hours if withdrawal 
becomes necessary 


e HEDULIN acts promptly, producing therapeutic 
prothrombin levels in 18-24 hours 


e HEDULIN requires fewer prothrombin determinations— 
only one in 7 to 14 days, after maintenance 
dose is established 


e HEDULIN’s anticoagulant action is rapidly 
reversed by vitamin K, emulsion 4 


PHARMACY 


DOSAGE: 4 to 6 tablets (200 to 300 mg.) 
initially, half in the morning and half at 
night; maintenance dosage (on basis of 
prothrombin determinations daily for first 
three days), 50 to 100 mg. daily, divided 
us above. 


Available on prescription through all phar- 
macies, in original bottles of 100 and 1000 
50-mg. scored tablets. 


Complete literature to physicians on request 


Yabear LABORATORIES, INC., MOUNT VERNON, N. Y. 


Registered wademork of Wolker Loborotories, inc. 
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THE TOTAL CARE 
OF EVERY PATIENT INCLUDES 


PROPER NUTRITION 
...AND YOUR REGULAR READERSHIP OF 


Now PuBtisHEeD Bi-MONTHLY by 
your publisher of The American 
Journal of Surgery and The Amer- 
ican Journal of Medicine. 


Whatever your specialty in medicine or surgery, nutrition is of first importance 
to you in the clinical treatment and daily management of your patients. 
THE AMERICAN JOURNAL OF CLINICAL NUTRITION is the only periodical of 
its kind prepared for the doctor in practice—family physician or specialist. 
Within its pages are the latest data dealing with dietary problems—written 
authoritatively—written from the practical aspect of helping you with a 
newborn that is losing weight, with a middle-aged woman who is overweight, 
with a diabetic just admitted to surgery, and scores of other clinical cases 
under your management. Send your subscription now for this practical and 
permanently useful journal. 


FOR PRACTICAL APPLICATION OF 
NEW ADVANCES IN NUTRITION BY 


¢ OBSTETRICIAN INTERNIST GERIATRICIAN 
PEDIATRICIAN SURGEON GENERAL PHYSICIAN 


THE AMERICAN JOURNAL OF CLINICAL NUTRITION 
Editor-in-Chief 
S. O. WAIFE, M.D., F.A.C.P., ASSOCIATE IN MEDICINE, INDIANA UNIV. MED. SCHOOL 


| THE AMERICAN JOURNAL OF CLINICAL NUTRITION | 
| 49 W. 45th Street, New York, N. Y. | 
USE THIS | Gentlemen: Kindly enter my subscription for 6 issues (one | 
' year) of THE AMERICAN JOURNAL OF CLINICAL NUTRITION | 
CONVENIENT | AT $6.00* 
SUBSCRIPTION | [) t enclose remittance [] Please bill me 
ORDER | Nome | 
City Zone____State 
! *Conada, Central and South America $6.75; other foreign $7.00 | 
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This original complete lipotropic formula 


should be an integral part of therapy in 


to reverse and prevent 
further liver damage and 
hepatic cirrhosis 


(SO common in alcoholism) 


as a protective aid against 


atherosclerosis and 
coronary impairment 


alcoholism 


Vitamin corporation 


methischol 
% 
> 
. 


Doctor , do you feel that your colleagues are miss- 
ing important new medical findings by not 
reading The American Journal of Medicine? 


Let us send them a complimentary copy—of 
course there is no obligation to you or your 


colleagues. Just fill out the coupon and mail 


it to us. 
Dr Dr. 
Address Address. 
Dr. Your Name 
Address Address 


A.J.M.-11 


The American Journal of Medicine 
49 West 45th Street, New York 36, New York 
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ELECTRON PHOTOMICROGRAPH 


laphylococews 3.000 X 


Staphylococcus aureus (Micrococcus pyogenes var. aurcus) is a Gram-positive organism 
commonly involved in a great variety of pathologic conditions, including 
pyoderma abscesses * empyema otitis * simusifis septicemia 


bronchopneumonta bronchiectasis « tracheobronchitis and tood poisoning 


It 1s another of the more than 30 organisms susceptible to 


PANMYCIN 


100 mg. and 250 mg. capsules 


SIRADEMARK. REG. U.S. PAT. OFF. 


+, 
i 
4 
‘ 
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‘ 
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does not induce rhinorrhea 
free from local side effects 


new standard 
for nasal decongestants 


brand of tetrahydrozoline hydrochioride 


A single strength of Tyzine (0.1%), suitable for all 
in minutes of the nasal mucosa without discomfort or 
subsequent rebound congestion. And, in recommended 
for hours dosage, no systemic effects or local tissue tolerance 
has been noted even after prolonged use.'* 


supplied: Tyzine is available in 0.1% aqueous 
solution in 1-oz. bottles. 


1. Parish, F. A.: M. Times; in press. 2. Menger, H. C.: 
New York State J. Med.; in press. 


Pfizer PFIZER LABORATORIES, Brooklyn 6, New York 
Division, Chas. Pfizer & Co., Inc. 
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odorless and tasteless does not sting or burn almost immediate relief 
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Each Biopar tablet contains: 


Crystalline Vitamin By U.S.P..... 6 meg. 


Intrinsic Factor...............30 mg. 
Bottles of 30 tablets 


AN 


THE ARMOUR LABORATORIES 
A DIVISION OF ARMOUR & COMPANY © KANKAKEE, ILLINOIS 


FIVE YEAR INDEX 


July 1946 through June 1941 


This new subject and author index 
provides an invaluable aid for quick 
reference and review purposes to 
8,250 text pages. 


FOR 


The American Journal of Medicine, Inc. 
49 West 45th Street, New York 36, N. Y. 


Please send me the new Five Year Index to 
The American Journal of Medicine for 
which I enclose $2.50 U.S.A.—$3.00 Foreign 
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an advance in therapy of 


adrenocortical insufhiciency 


Fercorterm trimethylacetate 


TRIMETHYLACETATE 


intramuscular repository 


“A month’s therapy with a single injection.” Therapy of chronic 
adrenocortical insufficiency has been improved and made more convenient to both patient and 


physician by Ciba’s introduction of Percorten trimethylacetate in the form of a long-acting micro- 
crystalline suspension.~* e A single injection of this new long-acting steroid hormone derivative 
provides maintenance therapy for about a month. e This protracted and constant therapeutic 
effect is achieved because the suspension, when administered by deep intramuscular injection, 
simulates a miniature pellet in that a small fraction of the total dose is absorbed daily. e Patients 
who have Addison’s disease and who are not in crisis can now be treated on a highly satisfactory 
ambulatory basis. 


indications: Chronic primary and secondary adrenocortical insufficiency, and 
hypotension associated with adrenal insufficiency. Supplied: Multiple-dose 
vials—4 ml. containing 25 mg./ml. as an aqueous suspension for intramuscular 
use only. Nete: Percorten (desoxycorticosterone Ciba) is available in 4 admin- 
istration forms: (1) Percorten trimethylacetate, long-acting intramuscular 
repository, aqueous suspension; (2) Percorten acetate in oil solution, for intra- 
muscular injection; (3) Percorten acetate Linguets,® for sublingual or para- 
buccal absorption; (4) Percorten acetate pellets, for subcutaneous implantation. 
Ask your Ciba professional service representative or write the Medical Service 
Division for complete information on the use of Percorten trimethylacetate. 


1. Gross, F, and Tschopp, E.: Experientia 8:75, 1952. 2. Thorn, G. W, and 
Jenkins, D.: In press. 3. Thorn, CG. W; Jenkins, D.; Arons, W L., and Fraw- 
ley, T F.: Schweiz. med. Wehnschr. 82 :697, 1952. 4. Gaunt, R.; Leathem, J.; 
Howell, C., and Antonchak, N.: Endocrinology 50 :521, 1952. §. Sorkin, S. Z., 
and Soffer, L. J.: Am. Fed. Clin. Research, May 4, 1952. 


summit, New Jersey 
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Angina pectoris 
prevention 


The new strategy in angina pectoris is 
prevention, the new low-dose, long-acting 
drug—MetamineE. Most effective milli- 
gram for milligram, and better tolerated, 


METAMINE prevents attacks or greatl 
| Ni diminishes their number and severity. 


Dosage: 1 tablet (2 mg.) after each meal; 
1-2 tablets at bedtime. 


155 East 441TH New York 17, N.Y. 


Metamine 


Triethanolamine trinitrate biphosphate, Leeming, tablets @ mg. 
Bottles of 50 and 500. 


REPRINT ORDER FORM 


THE AMERICAN JOURNAL OF MEDICINE, 49 W. 45th St. New York 36, N. Y. 


Please send me the following Seminars reprinted from the 
AMERICAM JOURNAL OF MEDICINE: 


GASTROINTESTINAL PHYSIOLOGY $2.00 
O BLoop COAGULATION $2.00 
Liver DIsEASE $2.00 


Enclosed is my check 


NAME— 


ADDRESS- 


CITY STATE- 


= 


4 out of 5 former fatties... 
gain it right back! 


5 out of 5 can keep weight off 


the POST-DIET PLAN 


80% fail to Just one AM PLus capsule daily : before the day’s 
sustain weight loss “big” meal, before a club lunch or dinner, at snack time 
after the diet.* or whenever the patient finds temptation greatest. 
AM Puwus is dextro-amphetamine plus 19 important 
vitamins and minerals. It helps rehabilitate post- 
dieting habits while augmenting nutritional intake. 
*Aaron, H.: Weight Control, Consumer Reports 17:100 (Feb.) 1952. 


Chicago 11, Illinois 
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FOR INDIVIDUALIZED 
CONTROL OF 
TENSION PEAKS 


Nidar is the new formulation spe- 
cifically designed to control the 
tensions of everyday life. Nidar 
offers sedation when needed 
without drowsiness. 


Each light green, scored NIDAR 
tablet contains: 


Secobarbital Sodium. .... % gr. 
Pentobarbital Sodium... . % gr. 
Butabarbital Sodium..... gr. 
Phenobarbital............ Ye gf. 
Bottles of 100 and 1000. 


Usual tension-controlling dos- 
age: 1 tablet 4 hr. before period 
of morning or afternoon tension. 
(For hypnotic effect without bar- 
biturate hangover: 1 or 2 tablets 
¥% hr. before retiring.) 


Back Jasu0s Wanted 


(MUST BE IN PERFECT CONDITION) 


will pay 
$1.00 per copy for the following issues: 


July 1946 
August 1946 
September 1946 
October 1946 
November 1946 
December 1946 
January 1947 
February 1947 
March 1947 
April 1947 
May 1947 
June 1947 
November 1947 
January 1948 
February 1948 
June 1949 
August 1949 
September 1949 
January 1950 
February 1950 
January 1951 
April 1951 
May 1951 
June 1951 
July 1951 
August 1951 
January 1953 
February 1953 
March 1953 
February 1954 


Send to 
THE AMERICAN JOURNAL OF ‘MEDICINE, INC. 
49 West 45th Street New York 36, N. Y. 
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UNENRICHED BREAD | 


ENRICHED BREAD. 


Tue superior nutritive value of 
enriched bread over unenriched bread is 
emphasized by analytical data recently 
published by the United States 
of Agriculture.!1 Comparison of the two 
kinds of bread indicates how much more 
effectively enriched bread contributes to 
nutritional needs. 

Since enriched breads represent an esti- 
mated 85 per cent of all commercially pro- 
duced bread, the evidence shows that bread 
enrichment has notably increased the B 
vitamin and iron intake of our population. 
For this reason enriched bread, since 1941 
(when it was first marketed), has been a 
valuable aid in reducing the incidence of 
attributable deficiency diseases.3.4 

But enriched bread contributes to good 
nutrition in other ways, too. The 13 grams 
of protein supplied by 544 ounces (esti- 
mated average daily consumption) aids 
notably in the satisfaction of the daily pro- 
tein requirement. Since virtually all 
enriched bread today contains substantial 
amounts of nonfat milk solids, its protein 
—consisting of flour and milk proteins—is 
biologically effective for growth as well as 
tissue maintenance. 


(RON 4.10 mg. 


Because of its high nutrient value, its 
easy and almost complete digestibility, and 
its universally accepted pleasant, bland 
taste, bread merits a prominent 
place not only in the general diet, but in 
special diets as well. In many reducing diets 
3 or more slices daily are included. The 
average slice of machine-sliced enriched 
bread supplies only 63 calories. 


At notably low cost, enriched bread is 
making a valuable contribution to the nutri- 
tional health of the American people. 


1. Watt, B.K., and Merrill, A.L.: Composition of 
Foods—Raw, Processed, Prepared, United 
Agricultural 


2. Data furnished by the Laboratories of The 
American Institute of Baking, Chicago, Illinois. 

3. Sebrell, W.H., Jr.: Trends and Needs in Nutri- 
tion, J.A.M.A. 152:42 (May 2) 1953. 


4. Flour and Bread Enrichment, 1949-50, The 
Committee on Cereals, Food and Nutrition 
Research Council, 1950. 


are 
Foods and Nutrition of the American 
Association. 


UNENRICNED BREAD 
(of former yeors) 
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®An estimeted amount of bread consumed doily by the average person. 
pounds. 


**Doily dietory 
ta and weighing 143 
AMERICAN BAKERS ASSOCAATION 20 NORTH WACKER DRIVE, CHICAGO 6, ILL. 


mACIN 
23% 
= 
The Seal of Acceptance denotes that the 
& nutritional statements made in this = 
ENRICHED BREAD 
Recommended Solty Amounts of 
Amounts 
Allowonces 
0.37 mg. 25% 0.08 mg. 5% 
3.40 me. 23% 1.40 mg. 9% 
0.23 mg. 14% 0.09 mg. 6% 
34% 1.10 mg. 9% 


» there’s less drug to be inactivated, shorter 
of effect, wide margin of safety and little 
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IN URINARY 


for clearing 


of the 


urine 


use FURADANTIN first... 


TRACT INFECTIONS 


in 30 minutes: antibacterial concentrations 
in the urine 


in 24 howrs: the urine is frequently clear 


in 3 to GS days: complete clearing of pus 
cells from the urine 

in 7 days: sterilization of the urine in 
the majority of cases 


With Furadantin there is no proctitis, 


pruritus ani, or crystalluria. 


Average adult dosage: Four 100 mg. tablets 
daily, taken with meals and with food or 
milk before retiring. 


50 and 100 mg. tablets. 


Oral Suspension, 5 mg. per cc. 


EATON LABORATORIES 


NORWICH, NEW YORK & 


FU RADANTIN* 


brand of nitrofurantoin, Eaton 
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